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PREFATORY NOTE 


The original authors of this text-book as it appeared in 1894 
were Professors Eduard Strasburger, Fritz Noll, Heinrich Schenck, 
and A. F. W. Schimper. The death of Professor Strasburger 
renders it inaccurate to give his name as an author of the work. 
His position as the original founder of the text-book requires to 
be recorded, and is therefore indicated by the name Strasburger’s 
Text-Book, which has been in current use in this country. In 
the present edition the division on Morphology is by Professor 
Fitting, that on Physiology by Professor Sierp, that on Thallo- 
phyta, Bryophyta, and Pteridophyta by Professor Harder, and 
that on Spermatophyta by Professor Karsten. Their names are 
therefore given as the authors on the title-page. 

The first edition of the English translation was the work of 
Dr. H. C. Porter, Assistant Instructor of Botany, University of 
Pennsylvania. The proofs of this edition were revised by Pro- 
fessor Seward, M.A., F.R.S. The second English edition was 
based upon Dr. Porter’s translation, which was revised with the 
fifth German edition. The third English edition was revised 
with the eighth German edition, the fourth English edition with 
the tenth German edition, and the fifth English edition with 
the fourteenth German edition. The present edition has been 
similarly revised throughout with the seventeenth German edition. 
Such extensive changes, involving the rewriting of all four 
sections, have, however, been made in the work since it was first 
translated that it seems advisable to give in outline the history 
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of the English translation instead of retaining Dr. Porter’s name 
on the title-page. 

The official plants mentioned under the Natural Orders are 
those of the British Pharmacopoeia instead of those official in 
Germany, Switzerland, and Austria, which are given in the 
original. I am indebted to my colleague Mr. W. 0. Howarth 
for assistance in making this alteration. 

My colleague Mr. L. J. F. Brimble has kindly read the 
proofs of the section on Physiology, and I have to thank him for 
a number of helpful suggestions. 

WILLIAM H. LANG. 
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INTRODUCTION 

Organisms are distinguished as animals and plants, and a corre- 
sponding division of Biology is made into the sciences of Zoology and 
Botany. 

The green, attached, flowering, and fruiting organisms are dis- 
tinguished as plants in contrast to animals, which are usually capable 
of free movements and seek and devour their food. Easy as it appears 
on a superficial acquaintance to draw the boundary between plants and 
animals, it is really very difficult. In the case of those very simply 
constructed organisms with little external or internal differentiation, 
which are usually regarded as lowest in the scale, it is often impossible 
to decide in which kingdom they should be classed. The following 
important properties are in fact common to both animals and plants : 

1. They are both composed of microscopically small chambers 
or cells. 

2. They agree in their most important vital processes, in 
nutrition and growth, development and reproduction. A plant also 
respires with the production of heat, and exhibits powers of movement 
and irritability of various kinds. 

3. This profound agreement in the manifestations of life in plants 
and animals becomes less surprising when it is realised that the 
LIFE OF BOTH IS ASSOCIATED WITH A VERY SIMILAR UNDERLYING 
SUBSTANCE, THE PROTOPLASM OF THE CELLS. 

These and many other facts indicate that plants and animals are 
really related. This assumption of a genetic relationship finds its 
expression in the theory of descent, which is a fundamental bio- 
logical theory. The idea of a gradual evolution of more complicated 
living beings from those of simpler construction was familiar to the 
Greek philosophers, and was advocated in the beginning of the nine- 
teenth century by the French zoologist, Lamarck. It was especially 
through the work of Charles Darwin ( 1 ), who accumulated evidence 
for a reconsideration of the whole problem of organic evolution, that 
the belief in the immutability of species was finally destroyed. From 

1 The small figures in brackets refer to the Index of Literature at the end of the volume, 
which will be of value to those wishing to pursue the subject further. 
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the study of the fossil remains of animals and plants it has been 
established that in earlier geological periods forms of life differing from 
those of the present age existed on the earth. This leads to the 
conclusion that all living animals and plants have been derived by 
modification from previously existing forms. This leads to the further 
conclusion that organisms are more or less closely related to one 
another, and that the union of species in a genus, of genera into 
families, and of families into higher groups in a “ natural ” system, 
serves to give expression to the degrees of relationship existing between 
them. 'The evolutionary developments, i.e . the transformations which 
an organism has undergone in its past generations, are termed its 
phylogeny. The development passed through by the individual in 
attaining the adult condition is distinguished as its ontogeny. It 
is assumed on the theory of descent that the more highly organised 
plants and animals had their ultimate, common, phylogenetic origin in 
forms which perhaps resembled the simplest still existing. The phylo- 
genetic development proceeded from these, on the one hand in the 
direction of the higher animals, and on the other in the direction of 
well-defined plants. On this assumption, which is supported by the 
properties which animals and plants have in common and by the 
impossibility of drawing a sharp line between animal and plant in the 
lowest groups, all living beings form one natural kingdom. 

As distinctly marked characteristics of plants which have arisen in 
the course of their phylogeny, the external development of the surface 
of the body, which serves to absorb the food in plants (as contrasted 
with the internal body surface to which the mouth gives entrance in 
animals), the cellulose walls of vegetable cells and the green chromato- 
phores of plant-cells may be mentioned. By means of the green 
colouring matter, plants have the power of producing the organic 
materials of their bodies from inorganic compounds, and are thus able 
to exist independently ; while animals are dependent, directly or 
indirectly, for their nourishment, and so for their very existence, on 
plants. Another characteristic of plants is the unlimited duration of 
their ontogenetic development, which is continuous at the growing 
points during their whole life. That none of these criteria are alone 
sufficient for distinguishing plants from animals is evident from the 
fact that all the Fungi are devoid of green pigment, and, like animals, 
are dependent on organic food-material. They are, however, placed 
in the vegetable kingdom, since they can be phylogenetically derived 
from green plants. 

It is, however, impossible to give any definition of “ plant” and 
“ animal ” that shall hold strictly in all cases. In this connection it is 
necessary to be satisfied with the knowledge that among the more 
familiar living beings the Bacteria, Algae, Fungi, Lichens, Mosses, 
Ferns and Seed-plants are placed in the vegetable kingdom, and are 
thus the subject matter of Botany. 
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A distinction between organisms and non-living bodies is much 
more easy. We know no living being in which protoplasm is wanting, 
while active protoplasm is not to be demonstrated in any lifeless body. 
Since in the sphere of organic chemistry sugars have been synthesised 
and the way towards the synthesis of proteids opened up, there is 
increased justification for the assumption that protoplasm also had an 
inorganic origin, for the elements it contains all occur in inorganic 
nature. In ancient times such a “spontaneous generation” was 
regarded as a possibility even for highly organised animals and plants. 
It was a widely-spread opinion, shared in by Aristotle himself, that 
such living beings could originate from mud and sand. It is now 
known from repeated experiments that even the most minute and 
simplest organisms with which we are acquainted do not arise in this 
way but only proceed from their like. Living substance may, however, 
have arisen from non-living at some stage in the development of the 
earth, or of another planet, when the special conditions required for 
its formation occurred. The difficulties associated with this idea of 
a spontaneous generation remain. In order that the organic world 
should have proceeded from this first living substance, the latter 
must from the beginning have been able to nourish itself and to grow. 
It must also have been capable of reproduction, i.e. of multiplying by 
separation into a number of parts, and further of acquiring new and 
inheritable properties. In short, this original living substance must 
have already possessed all the characteristics of life. 


Botany may be divided into a number of parts. Morphology is 
concerned with the recognition and understanding of the external 
form and internal structure of plants. Physiology investigates the 
vital phenomena of plants. Both morphology and physiology take 
into consideration the relation of plants to the environment and the 
external conditions, and endeavour to ascertain whether and how far 
the structure and the special physiology of each plant can be regarded 
as adaptations to the peculiarities of its environment. These parts of 
morphology and physiology are often separated from the rest under 
the name ecology. Systematic botany deals with the description 
of the kinds of plants and with the classification of the vegetable 
kingdom. The geography of plants has as its objects to determine 
the distribution of plants on the surface of the earth and to elucidate 
the causes of this. Extinct plants form the subject matter of palaeo- 
phytology. All these are subdivisions of pure or theoretical 
BOTANY. 

Botany is also concerned with rendering the knowledge so obtained 
useful to mankind. There have thus to be added to the divisions of 
pure botany the numerous branches of applied botany, e.g . the study 
of medicinal plants and drugs, of vegetable food-substances, of techni- 
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cally valuable plants and their products, agricultural botany, and that 
part of plant-pathology which is concerned with the prevention and 
treatment of diseases of plants, 

In this work, which is primarily concerned with pure botany, a 
division is made into a general and a special part. The object of 
GENERAL botany is to ascertain the most distinctive properties of 
plants in general or of the main groups. General botany is further 
divided into the two sections treating of morphology and physiology. 

The object of special botany is to describe the structural 
features, the methods of reproduction, and the modes of life of the 
various groups of plants. It attempts also to express the more or less 
close relationships which exist between plants both living and extinct 
by arranging them in as “ natural” a system as possible. In this 
special part a few main facts as to some branches of applied botany, 
especially regarding pharmaceutical plants, are inserted. Lastly, facts 
regarding the geography of plants are included, though no connected 
account of it is given. 
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DIVISION I 

MORPHOLOGY 

Morphology is the study of the external form and the internal 
structure of plants and the ontogenetic development of the plant body 
as a whole and of its members. In seeking to establish the signifi- 
cance and the phylogenetic origin of the parts of plants and the causes 
of the formative processes, it aims at a scientific understanding of the 
forms of plants. 

1. The outer and inner construction of a living being can only be 
understood when it is clearly realised that the animal or plant is a 
living organism, i.e. a structure the main parts of which are not 
meaningless appendages or members, but necessary organs by the 
harmonious co-operation of which the life of the whole is carried on ( 2 ). 
Almost all the external parts of plants, and of animals also, are such 
organs performing definite functions. They can, however, only play 
their parts in the service of the whole organism when they are 
appropriately constructed, or, in other words, when their structure 
corresponds with, or is adapted to, their functions. Since the 
various parts of the higher plants have diverse functions, it is easy to 
see why the plant is composed of members very unlike in form and 
structure. 

In order to fully understand the construction of an organism it is 
further necessary to know the conditions under which it lives and to 
be acquainted with its environment. Every plant, or animal, has 
structural peculiarities which enable it to live only under certain 
conditions of life which are not provided everywhere on the earths 
surface. The conditions of life, for example, are very different in 
water from those in a desert, and water-plants and desert-plants are 
very differently constructed. They can only succeed under their 
usual conditions or such as are similar, and the desert-plants would 

7 
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not grow in water or the water-plants under desert conditions. The 
life of an organism is thus only possible when its construction is in 
agreement with its environment, and it is adapted to the conditions 
OF LIFE. 

More penetrating morphological investigation soon shows that, 
while almost every member of the plant body has its functions, 
every peculiarity in construction cannot be regarded as adapted 
to these functions or to the environment. This can only be said 
of some of the characters of any part of the plant ; for example, the 
abundance of the green pigment and the expanded form of foliage 
leaves stand in relation to the main functions of the leaf. Such 
characters are spoken of as useful to the organism or as adaptive. 
Many other characters are indifferent, such as, for example, the nature 
of the margin of leaves, described as entire, serrate, crenate, etc. Others 
may even be unfavourable so long as they are compatible with life, 
e.g. the absence of the green pigment from large portions of the leaf 
in many cultivated forms of Sycamore. A character may be useful in 
one species while it is indifferent or even harmful in another. These facts 
show clearly what care is requisite in judging of the significance of 
organic forms and structures ; it is no easy matter to prove such 
assumptions by investigation ( 3 ) 

2. There is a second direction in which morphology endeavours 
to attain a scientific understanding of the forms of plants. All 
existing plants are regarded as genetically related, the most highly 
organised with their diverse organs having gradually arisen phylo- 
genetically from simple, unsegmented forms. The organism and 
its parts have thus undergone manifold transformations in which, for 
example, particular organs by change of their structure took over new 
functions or became adapted to new conditions of life. It is thus 
a very important object of morphology to derive phylogenetic- 
ally one form from another. Since the genetic development cannot 
be directly traced but has to be inferred, morphology is dependent on 
indirect methods in this problem. The most important indications 
are obtained by the study of the ontogeny of organisms and by the 
comparison of existing plants with one another and with those that 
lived in preceding ages. Within certain limits the ontogeny often 
repeats the phylogeny and thus contributes to the discovery of the 
latter. Comparative study connects divergent forms by means of 
intermediates. Since, however, the ontogeny never repeats the 
phylogeny completely or without alterations, and the connecting forms 
are often wanting, the results of morphology in this direction are 
correspondingly imperfect. 

When the conviction has been reached after full investigation 
that diversely formed members of the plant-body had a common 
phylogenetic origin, the hypothetical form from which we derive 
them is termed the primitive form, and the changes undergone by it 
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in the course of descent its metamorphoses. One of the most 
important results of morphology is the demonstration that the 
VARIOUSLY FORMED PARTS OF EVEN THE MOST HIGHLY DIFFERENTIATED 
PLANTS ARE TO BE TRACED BACK TO A FEW PRIMITIVE FORMS, for 
example, the external parts of the more highly organised plants to root, 
stem, and foliage leaf, and the internal parts of all plants to cells. Those 
organs which have developed phylogenetically from a common primitive 
form are spoken of as HOMOLOGOUS, however different they may appear. 
The same morphological value is ascribed to them. For example, 
foliage leaves and the leaves of the flower (sepals, petals, stamens, and 
carpels) are homologous, and this extends to the leaf-tendrils (Fig. 202) 
and the leaf-thorns (Fig. 190). Organs of completely different 
structure and functions can thus be homologous. On the other hand, 
organs with similar construction and functions (e.g. tubers (Figs. 196, 
198, 199), thorns (Figs. 190, 192, 193), tendrils (Figs. 201-203)) have 
often been genetically derived from different primitive forms. Such 
organs are spoken of as analogous (for examples cf. p. 55 ff). 
Little differentiated structures with ill-defined functions, which have 
retrograded from more perfect ones, are termed REDUCED organs. 

3. Lastly, it is an aim of morphology to ascertain the causes or 
conditions which underlie the ontogeny and phylogeny of plants. In 
this way it may be possible to ascertain clearly how in the course 
of descent adaptive characters have arisen. The study which concerns 
itself with such questions is experimental morphology. Most of 
the problems of this are more conveniently dealt with as a section 
of physiology in relation to the other vital processes of the plant 
(developmental physiology). 

Morphology may be divided into external morphology and internal 
morphology or anatomy. Since it is desirable to regard the parts 
of the plant as organs with definite functions, it is necessary to show 
the intimate connection that frequently exists between the function 
of an organ and both its form and internal structure. From the 
outset we must be concerned with the plant as a living organism and 
not as a dead structure. The protoplasm as the substance manifesting 
the phenomena of life is, as a rule, enclosed in the cells which can be 
regarded as the elementary parts of the organism. The part of 
morphology which is concerned with the structure of cells is termed 
cytology and will be dealt with first. The tissues formed by associ- 
ated cells will then form the subject of a second part of morphology 
to which the name histology is given. Lastly, organography deals 
with the external members of the plant regarded as its organs, taking 
into consideration both their external form and internal structure. 



10 


BOTANY 


PART I 


SECTION I 

CYTOLOGY 

I. FORM AND SIZE OF CELLS 

The cells of plants are usually microscopically small chambers, of 
spherical, cubical, polyhedral, or prismatic shape ; elongated fibres and 
tubes are also of frequent occurrence. Their mean diameter is between 
the hundredth and the tenth of a millimetre. Owing to their small size it 
was long before the existence of cells was recognised. Occasionally 
cells attain a much greater size. Thus some spindle-shaped cells 
(sclerenchyma fibres), adapted to special functions, are 20 cm. long, 
while laticiferous tubes may be some metres in length. In contrast 
to the cells of the animal body those of the 
plant have usually a cell- wall or cell- membrane 
enclosing the cell-cavity or lumen. The most 
■ ■ 5 ® 2 i important part of the cell is the protoplast or 
cell-body, since this is the living portion of the 
tmjjaSmt cell. On this account it is now natural to 

If think rather of the living protoplast than of 

its enclosing chamber as the cell ; a cell-wall 
is completely wanting in the case of many 
“naked cells.” In dead cells, the protoplasts 

FI Hoo7E C 8 ° Py iiin f 8tratmn rt of 1,ave almost or completely disappeared, and 
bottle-cork, which he de- such cells contain only water or air. These 
scribevi as “Schematism dead cells are however essential in the Con- 
Fig 65 struction of the more highly organised plants, 

in which they form the water-conducting tracts 
and contribute to mechanical rigidity. 

It was due to the investigation of the cell-walls that cells were recognised first 
in plants. An English micrographer, Robert Hooke, was the first to notice 
vegetable cells. He gave them this name in his Micrographia in the year 1667, 
because of their resemblance to the cells of a honeycomb, and published an illus- 
tration of a piece of bottle-cork having the appearance shown in the adjoining 
figure (Fig. 1). The Italian, Marcello Malpighi, and the Englishman, Nehe- 
miah Grew, whose works appeared almost simultaneously a few years aftor 
Hooke’s Micrographia , were the true founders of vegetable histology. The 
living contents of the cell, the protoplast, was not recognised in its full significance 
until the middle of last century. Only then was attention turned more earnestly 
to the study of cytology, which was especially advanced by Sohleiden, Hugo 
v. Mohl, Nageli, Ferdinand Cohn, Max Schultze, and Strasburger. 

II. THE LIVING CELL-CONTENTS. THE PROTOPLAST ( 4 ) 

A. The Constituent Parts of the Protoplast 

If a thin longitudinal section of the growing point of the stem of 
one of the higher plants is examined under the high power of the 
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microscope it is seen to consist of nearly rectangular cells (Fig. 2), 
which are full of protoplasm and separated from one another by 
delicate walls. These cells have the shape of small cubes or prisms. 

In each of the cells a spherical or oval body, which fills a large 
part of the cell-cavity, is distinguishable. 

This body ( k ) is the nucleus of the cell. 

The finely granular substance (pi) filling 
in the space between the nucleus (k) and 
the cell-wall (m) is the cell-plasm, or CYTO- 
PLASM. In the cytoplasm there are to be 
found around the nucleus a number of 
colourless and highly refractive bodies: these 
are the plastids or chromatophores ( ch ). 

The nucleus, cytoplasm, and chromato- 
phores ARE THE LIVING CONSTITUENTS OF 
THE CELL. They form together the proto- 
plasm of the living cell-body or PROTOPLAST. 

The nucleus and the chromatophores, which 
are always embedded in the cytoplasm, may 
be regarded as organs of the protoplast, since they perform special 
functions. In the lowest plants (Cyanophyceae and Bacteria) a true 
nucleus is not present ( 5 ). Chromatophores are wanting in the 
Bacteria and Fungi as in all animal cells. 



Fio. 2. — Embryonic cell from the 
root-tip of the Oat. k t Nucleus ; 
kw, nuclear membrane ; n, nucle- 
olus ; pi, cytoplasm ; ch, chroma- 
tophores ; m, cell-wall. (Some- 
what diagrammatic, x about 
1500. After Lkwitzkv.) 


In many animal cells an additional constituent of the protoplast has been 
demonstrated as a small body, which is called a centriole, in the immediate 
neighbourhood of the nucleus. Similar bodies are found in the vegetable 
kingdom in the cells of some Cryptogams, but are not of general occurrence even 
in them. 


It is only the embryonic cells of the plant, as they are met with in 
the apices of stem and root, which are thus completely filled with 
protoplasm. This does not hold for the fully developed cells of the 
plant which arise from these by growth in size and alterations of 
shape. During this transformation to cells of the permanent tissues 
the embryonic cells of plants, unlike those of animals, become poorer 
in protoplasm, since this does not increase in proportion to the growth 
of the cell. In every longitudinal section of the growing point of the 
stem it can be seen that at some distance from the tip the enlarged 
cells have already begun to show cavities or vacuoles (v in A , Fig. 
3) in their cytoplasm. These are filled with a watery fluid, the cell- 
sap. The cells continue to increase in size, and usually soon attain a 
condition in which the whole central portion is filled by a single large 
sap-cavity (v in B, Fig. 3). The cytoplasm then forms only a thin layer 
lining the cell-wall, while the nucleus occupies a parietal position in the 
peripheral cytoplasmic layer (Fig. 3 i?, k). At other times, however, 
the sap-cavity of a fully -developed cell may be traversed by bands and 
threads of cytoplasm ; and in that case the nucleus is suspended in the 
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centre of the cell (Figs. 5, 10). But whatever position the nucleus 
may occupy, it is always embedded in cytoplasm ; and there is always 
a continuous peripheral layer of cytoplasm lining 
the cell-wall. This cytoplasmic peripheral layer 
is in contact with the cell-wall at all points, 
and, so long as the cell remains living, it 
continues in that condition. In old cells, 
however, it frequently becomes so thin as to 
escape direct observation (Fig. 10), and is 
not perceptible until some reagent, such as 
concentrated solutions of salt or sugar, which 
attracts water and causes it to recede from 
the wall, has been employed (plasmolysis, 
cf. p. 219). 

B. Physical Properties of the Protoplast 

In order to facilitate an insight into the 
physical properties and especially the conditions 
of aggregation of protoplasm, attention will 
first be directed to the Slime Fungi (Myxo- 
mycetes), a group of organisms which stand on 
the border between the animal and vegetable 
kingdoms. The Myxomycetes are character- 
ised at one stage of their development by the 
formation of a PLASMODIUM, a large, naked 
mass of protoplasm (Fig. 4). This consists of 
reticulately connected strands composed of 
a clear ground-substance, within which are 
numerous granules ; it has the consistence 
of a tenacious fluid. The protoplasm within 
the firmer and denser boundary layer of the 
strands exhibits an active streaming movement. 
The plasmodium can protrude and withdraw 
processes of its margin and thus creep about. 
When it encounters a foreign body it can 
include and when possible digest it, expelling 

l?rn Q T wn r»«lla fnl/Pti of x ° 1 ° 

different distances from the indigestible remains. All these phenomena 
growing point of a phanero- of movement are elementary vital processes 
gamic shoot. A;, Nucleus ; cy, an( J ^ j g not known j n w hat Way they 

cytoplasm; v, vacuoles, re- 47 47 47 

presented in B by the sap CO me about. 

cavity. (Somewhat diagram- Similar streaming movements of the proto- 
sh^HUMEBO* 600 Aft6r P lasm can often be ' recognised in the living 
cells of the higher plants ( 6 ). In these also 
the protoplasm is a more or less tenacious fluid and if freed from the 
cell-wall takes the form of a spherical drop. A distinction is made 
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between circulation and rotation of the protoplasm in such cells. 
In those in which rotation occurs, e.g. the cells of many water-plants, 
the protoplasm forms a layer lining the cell-wall, and the single 
continuous current moves in a constant direction within the wall. 
Circulation on the other hand is found in the cells of land-plants the 
vacuole of which is traversed by lamellae or strands of protoplasm. 
The streaming movement, which may be in various directions that 
can be reversed, occurs in the strands 
and also in the layer lining the 
wall. 

When the protoplasm is in rotation, the 
cell-nucleus and chromatophores are usually 
carried along by the current, but the chrom- 
atophores may remain in the boundary layer, 
which does not undergo movement. This is 
the case with the Stoneworts (Characeae), 


Fig. 4. — Portion of a full-giown plasmodmm of 
Chondriodcrmadifforme. (x 90. After Stras- 

BURGER.) 

the long internodal cells of which, especially in the genus Nitella , afford good 
examples of well-marked rotation. A particularly favourable object for the 
study of protoplasm in circulation is afforded by the staminal hairs of 
Tradescantia virginica (Fig. 5). The cytoplasmic threads which traverse the sap- 
cavity gradually change their form and structure, and may thus alter the position 
of the cell-nucleus. 

The movements often commence or become more active when the protoplasm 
is stimulated, by illumination, by the presence of chemical substances, or by the 
wounding involved in the preparation of sections. 

Movements in limited regions of protoplasts are seen in many of the lower 
Algae, especially in their swarm-spores. Near the anterior end of the swarm-spore 
the protoplasm may contain one or several minute pulsating vacuoles which appear 
and disappear rhythmically at short intervals. They empty suddenly, then re- 
appear and slowly increase to their full size (Fig. 330, 1 v). The protoplast of 
the swarm-spore also possesses one or a number of threadlike contractile processes 




Fig. 5. — Cell from a 
staminal hair of Tra- 
descant va virginica , 
showing the nucleus 
suspended by proto- 
plasmic strands (x 
240. After Stras- 

BURGER.) 
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(cilia, flagella) which vibrate rapidly and serve as the motile organs of the cell 
(rf. Figs. 308, 310-312, 830). 

Only within a narrow range of temperature is the protoplast 
actively alive, and thus capable of movement, though life is preserved 
through a slightly more extended range. It dies and coagulates, as a 
rule, at temperatures slightly above 50° C. Alcohol, acids of suitable 
concentration, solutions of mercuric chloride and of salts of other 
heavy metals rapidly coagulate the protoplasm, and such substances 
are largely employed as fixing reagents in microscopical technique ( 7 ). 

C. Chemical Properties of the Protoplast ( 8 ) 

Active protoplasm generally gives an alkaline, under certain con- 
ditions a neutral reaction, but never an acid one. It is not a simple 
substance chemically, but consists of a mixture of a large number of 
chemical compounds some of which are solid and others dissolved in 
water. Some of these undergo continual changes, upon which un- 
doubtedly many important manifestations of the life of the protoplast 
depend. The most important components of the mixture are the 
albuminous substances (proteins, proteids). The protoplasm thus shows 
the reactions of albumen, and when incinerated gives off fumes of 
ammonia. In the nuclei, proteids containing phosphorus (nucleo- 
proteids), which are not dissolved by pepsin, predominate. They are 
also met with in the cytoplasm. The ash left after incineration shows 
that mineral substances are present in protoplasm. 

Products of the dissociation of proteids are always contained in the protoplasm. 
Other components are enzymes, carbohydrates and lipoids such as fats and lecithin 
(cf. p. 249), physosterin (aromatic alchohols with the formula C, 27 H 46 OH) and some- 
times alkaloids (nitrogenous bases) or glucosides (ester-like compounds of sugar, 
usually with aromatic compounds). 

By the action of a dilute solution of potash, of chloral hydrate, or of eau de 
javelle, all parts of the protoplast are dissolved. Iodine stains it a brownish-yellow 
colour ; acid nitrate of mercury (Millon’s reagent), rose-red. Such reagents kill 
the protoplasm, after which their characteristic reactions are manifested. These 
reactions are given by proteid substances, but are not altogether confined to them. 


D. Structure of the Parts of the Protoplast 

Great assistance in the investigation of the structure of the proto- 
plast is afforded by the processes of fixing and staining. Certain 
fixing agents harden and fix the protoplasm almost unaltered, but 
it is necessary to be on guard against the appearance of a structure 
in the process of coagulation ( 9 ). 

The importance of staining depends upon the fact that the various constituents 
of the protoplast absorb dyes with different intensity and hold them more or less 
firmly when the preparation is washed. As a general rule only dead protoplasm 
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is readily stained. For staining fixed vegetable protoplasts, solutions of carmine, 
haematoxylin, safranin, acid f'uchsin, gentian violet, orange, methylene blue, etc., 
are employed. 

1. The Cytoplasm. — This when highly magnified is seen to con- 
sist of a clear, hyaline, more or less tenacious fluid (hyaloplasm) in 
which more or less numerous minute drops or granules (microsomes) 
are embedded. The latter are evidently various products of the 
metabolism. The hyaloplasm, which when studied, by means of the 
ultramicroscope appears almost empty optically, is a watery colloidal 
solution or sol from the point of view of physical chemistry ; sometimes 
it has the properties of a gel. The insight thus obtained into the 
nature of protoplasm is of fundamental importance. By means of it 
many of the properties of protoplasm obtain a physico-chemical 
explanation ( 10 ). 

An extremely thin boundary layer of hyaloplasm free from granules 
is found at the periphery of the protoplast, and a similar layer bounds 
every vacuole present in the cytoplasm. The peripheral boundary 
layer and the vacuole walls can be formed anew, but are nevertheless 
very important parts of the protoplast, since they determine the taking 
up of substances. They are semipermeable membranes, ie. they allow 
water to pass, but are impermeable or only slightly permeable to 
many other substances. 

It is uncertain whether living protoplasm has a still finer structure 
that cannot be detected with the microscope or ultramicroscope. In 
dividing protoplasts fine filaments may appear which cease to be 
evident in the resting condition of the cell. When fixed and stained 
the cytoplasm appears homogeneous or, if imperfectly fixed, a reticulate 
or honeycomb-like structure with embedded granules is formed as in 
other coagulated colloidal solutions. 

In addition to the structures alluded to above, there have recently been 
demonstrated in the cytoplasm of both embryonic and permanent cells certain 
filamentous, spindle-shaped or dumb-bell-shaped structures. These are best seen 
after special fixation and staining, and agree so closely with the chondriosomes 
(mitochondria) of embryonic animal cells that they have been given the same 
name ( n ). Probably they include bodies of various nature such as minute vacuoles 
filled with albuminous substances containing nucleic acid, young chromatophores, 
etc. They have been observed in some Mosses in the embryonic cells beside the 
chromatophores, and also in the Fungi. 

2. The Nucleus ( 12 ) has as a rule a spherical, oval, or lenticular 
form, but in long cells may be correspondingly elongated ; it is some- 
times lobed. In embryonic cells its diameter may amount to two- 
thirds of the total diameter of the protoplast. In full-grown cells of 
the permanent tissue, on the other hand, the nucleus is much less 
conspicuous, since it has not increased in size. Large nuclei are 
found in most Conifers, in some Monocotyledons, and in the 
Ranunculaceae and Loranthaceae among the Dicotyledons. Secretory 
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cells are as a rule provided with especially large nuclei. On the other 
hand, the nuclei of the majority of Fungi (Fig. 6) and of many 
Siphoneae are very small. 

While the cells of the higher plants are almost always uninucleate, 
in the Thallophytes, on the contrary, multinucleate cells are by no 
means infrequent. In many Fungi (Fig. 6), and in the Siphoneae 
among the Algae, they are the rule. The whole plant is then 
composed either of but one single multinucleate cell, which may be 
extensively branched and exhibit a complicated 
external form as in Caulerpa (Fig. 343), or it may 
consist of a large number of multi-nucleate cells, 
forming together one organism, as is the case for 
many Fungi and for the fresh-water Alga Cladophora 

(Fig- 7). 

The living nucleus has a finely dotted appear- 
ance. It usually contains one or several larger, 
round, highly refractive granules or droplets, the 
use of which is unknown but which are called 
nucleoli (Fig. 2 n). The nucleus, the consistence 
of which appears to be that of a tenacious fluid, is 
surrounded by a nuclear membrane (Fig. 2 kw) by 
which the surrounding cytoplasm is separated from 
the NUCLEAR CAVITY. 

Some insight into the finer structure of the 
nucleus is obtained from properly fixed and stained 
preparations. In these a deeply staining reticulum 
of chromatin (Fig. 13, 1 n), which appears to 
„ , „ consist mainly of nucleo-proteids, is evident. In 

gus, Hyphoioma fasti- many nuclei the reticulum appears to be formed of 
cuiare, containing five a substance called LININ that stains feebly, and the 
Kniep ) * 500 Aft<3r c ^ romat l n be embedded in this as minute granules. 

The nucleoli are situated in the meshes of the 
network within the nuclear cavity which is filled with the nuclear 
sap. The nucleoli stain deeply, but differently from the chromatin. 

In Spirogyra and some other Algae, certain Flagellata and Fungi the nucleoli 
contain a proportion of the chromatin. They are thus not strictly equivalent 
to the nucleoli of the higher plants, as is further shown by their behaviour in 
the process of nuclear division ( 13 ). 

It is still unknown what part the nucleus takes in the vital 
phenomena of the protoplast. It is, however, clear that it is neces- 
sary for the maintenance of life in the cell. It also appears to be of 
great importance as the bearer of the hereditary characters. 

3. The Chromatophopes ( 14 ). — In the embryonic cells of the 
embryo and of growing points, where the chromatophores (Fig. 2 ch ) 
are principally located around the nucleus, they first appear as small, 
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colourless, highly refractive bodies of circular, spindle-shaped, or fila- 
mentous form. In older cells they attain a further development, as 
chloroplasts, leucoplasts, or chromoplasts. Since these bodies 
have the same origin they are all termed chromatophores. 

(a) Chloroplasts. — In parts of plants which are exposed to the light 
the chromatophores usually develop into 
chlorophyll - bodies or chloroplasts. The 
colour of green plants and their power of 
assimilating carbon dioxide are due to the 
chloroplasts. These are generally green 
granules of a somewhat flattened ellipsoidal 
shape (Fig. 8 cl), and are scattered, in numbers, 
in the parietal cytoplasm of the cells. All 
the chloroplasts in the more highly organised 
plants have this form (chlorophyll grains). 

. In the lower Algae, however, the chlorophyll- 
bodies may assume a band-like (Fig. 329 C ), stellate, 
or tabular shape ; they are often reticulately 
perforated, e.g. Cladophora (Fig. 9). In these cases 
the chloroplast often includes one or more pyrenoips 
(Fig. 9 py) ; these are spherical protoplasmic bodies, 
sometimes containing an albuminous crystalloid, 
and are surrounded by small grains of starch. 

After a green plant has been exposed to 
sunlight for some time its chloroplasts are 
usually found to contain small starch-grains 
(assimilation starch, Fig. 15) and frequently 
oily drops that possibly consist of aldehydes. 

No structure can be distinguished in the living 
chlorophyll grains themselves, which have a 
uniformly green colour. 

The green pigment, chlorophyll, is 
essential for the decomposition ; of carbon 
dioxide in the chloroplasts. 

Two groups of pigments are always present in the 
chloroplasts ( 1B ). There are two closely related green 
pigments (chlorophyll a and b) in the proportions of 3 
to 1, and a group of yellow pigments. The chlorophylls are esters of phytol, an alcohol 
of the formula C^HggOH, and a tri-carbon acid. They are thus compounds with 
large molecules containing carbon, oxygen, and hydrogen into the construction of 
which nitrogen and magnesium enter, but not, as was previously assumed, either 
phosphorus or iron. The blue-green chlorophyll a has the formula C 55 H /3 0 6 N 4 Mg, 
+ 4 H 2 0, while that of the yellow-green chlorophyll b is CggH^OgN^Ig. The 
yellow pigments are the orange-red, crystalline carotins, hydrocarbons of the 
composition C 40 H 66 , one of which also occurs in the root of the carrot and the yellow 
crystalline xanthophyll (oxide of carotin, C^HgeOg). 

C 



Fio. 7. — A cell of Cladophora 
fixed and stained with carmine. 
n , Nuclei. ( x 540. After 
Strasburoer.) 
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All these pigments oan be extracted from the fresh or dried chloroplasts by 
various solvents, e.g. by acetone or 80-90 % alcohol. A deep-coloured solution 
containing all the pigments can be most readily obtained by pouring boiling alcohol 
on fresh leaves. Owing to the contained chlorophyll such a solution is deep green 
by transmitted light, but blood-red, owing to fluorescence, by reflected light. 
Its spectrum (Fig. 242) is characterised by four absorption bands in the less refractive 
(red) portion and three in the more refractive (blue) half. The individual pigments 
can be separated by shaking the solution with various solvents. Tims benzol extracts 
the chlorophyll and accumulates as a green solution above the alcoholic solution 
which is now yellow. The amount of 
chlorophyll present in green parts of 
plants is relatively small, amounting, 
according to Willstatter, to 0 *5- 1*0 % 
of the dry substance. 


\w 



Fig. 8. — Two colls from a 
leaf of the Moss, Funaria 
hyyrometrica. cl, Chloro- 
plasts ; n , nucleus, 

(x 300. After Schekck.) 



Fio. 9.— Reticulate chloroplasb of Cladophora 
arckt. py , Pyrenoids ; k, nuclei. (After 
Sciimitz.) 


Many Algae (e.g. the Blue Green Algae, the Red Algae, and the Brown Algae), 
are not pure green but have other colours. This is due to various additional pigments 
in the chloroplasts that more or less obscure the chlorophyll which is however 
always present. 

The variegated forms of some cultivated plants have larger or smaller areas of 
the leaf of a white or golden colour. The cells here contain colourless or yellow 
chromatophores instead of the green chloroplasts. 

The colourings ( 18 ) which the leaves of trees assume in autumn before they fall 
are connected with a breaking down of the chloroplasts and their pigments. The case 
is different in those Coniferae the leaves of which turn brown in winter and again be- 
come green in the spring ; the changes undergone by the pigments in the chloroplasts 
are here reversible. The assumption of a brown colour by dying foliage-leaves is a 
post inort&m phenomenon in which brown pigments soluble in water are produced. 

In phanerogamic parasites the chloroplasts are replaced by colourless, brownish, 
or reddish chromatophores, which may, however, in some of these plants still 
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contain a trace of chlorophyll. In the Fungi chromatophores are completely 
wanting. 


(b) Leueoplasts. — In many parts of plants, especially those to 
which light cannot penetrate, leueoplasts are developed from the 
rudiments of the chromatophores instead of chloroplasts. They 
are usually of minute size (Figs. 5, 10 /), mostly spherical in shape, 
but often somewhat elongated in consequence of enclosed albuminous 
crystals (Fig. 27 B hr). If the leueoplasts become exposed to 
the light, they may change into chloroplasts. This frequently 
occurs, for example, in the superficial 
portions of potato tubers. The leueoplasts 
have the special function of transforming 
sugar into grains of starch, which appear 
within them. 

(c) Chromoplasts. — These give the 
yellow and red colour to many parts of 
plants, especially to flowers and fruits. 

They arise from the colourless chromato- 
phores of embryonic cells or from previously 
formed chloroplasts. 


Their colour is yellow or orange-red, depending 
either on xanthophyll or carotin. The pigments 
are not uniformly dissolved in the cliromoplast but 
form minute droplets (grana) in the colourless 
plasmatic substance (the stroma). The pigments 
readily crystallise out and the chromoplasts then 
become needle-shaped, triangular or rhombic in 
form (Figs. 11, 12). 



Fio. 10.— Cell fiom the epidermis of 
Rhoeo discolor, n, Nucleus with 
its nucleolus (k), and surrounded 
by the leueoplasts ( 7 ). Proto- 
plasmic strands stretch from the 
nucleus to the layered pi otoplasm, 
which is not represented, lining 
the wall, (x 240.) 


E. Origin of the Elements of the Protoplast ( 4 ) 

All the living elements of the protoplast, the cytoplasm, the 
nucleus, and the chromatophores, are never newly formed but 
always arise from the corresponding elements. They increase 
in mass by a process of growth, but they increase in number, like 

THE PROTOPLAST AS A WHOLE, ONLY BY DIVISION OF THEIR KIND. In this 
way the properties of the living constituents of a germ-cell are trans- 
mitted to all the cells of an organism and ultimately to its reproductive 
cells, the uninterrupted continuity of the life being maintained. The 
division of the protoplast is usually initiated by the division of the 
nucleus. In the case of uninucleate cells this intimate association of 
nuclear- and cell-division is necessary in order to ensure that each 
daughter cell has a nucleus. In the multinucleate cells (e.g. of Algae 
and Fungi) this is not essential, since each daughter-protoplast 
would obtain the requisite nuclei, and as a matter of fact cell-division 
in such cases is often independent of nuclear division. 
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It sometimes happens that the protoplast of a cell, without 
dividing, abandons its old cell wall. This process, which is called 
REJUVENATION of the cell, has nothing to do with cell-division. 

The rounding off of the protoplast in a cell of the green alga Oedogoninm , and 
its emergence from an opening in the old cell-wall as a naked swarin-spcre, is an 
example of rejuvenation. Another is afforded by the protoplasts of the spores of 
mosses or ferns and of the pollen-grains of seed-plants surrounding themselves with 
a new cell-wall within the old membrane, which then perishes. 

1. Typical Division of the Protoplast, (a) Nuclear Division. — 

Except in a few cases, nuclei reproduce themselves by mitotic or 



Fio. 11.— Cell from the upper surface of tho 
yellow calyx of Tropaeolum majus, 
showing chromoplasts. ( x 540. After 
Strasburcer.) 



Fio. 12.— Chromoplasts of the Carrot, some 
with included starch grains, (x 540. 
After Strasburoer.) 


INDIRECT DIVISION. This process, often referred to as karyokinesis, 
is somewhat complicated and has been chiefly studied in properly fixed 
and stained sections. 

Indirect Nuclear Division ( 12 ). — In its principal features the pro- 
cess is similar in the more highly organised plants and in animals. 
Its stages are represented in a somewhat diagrammatic manner in the 
following figure (Fig. 13) as they occur in a vegetative cell such as 
those which compose the growing point. 

The fine network of the resting nucleus (Fig. 13, In) becomes 
drawn together at definite points (spireme stage) and separated 
into a number of bodies (Fig. 13, 2 cA), the outline of which 
is at first irregular. Their form soon becomes filamentous, and 
the filaments become denser and stain more deeply (3, 4). The 
filaments are called chromosomes. Each chromosome undergoes a 
longitudinal split which continues to become more marked (5). 
The chromosomes, which become shorter, thicker, and smooth 
(6), are moved into the plane of division where they constitute 
the nuclear or equatorial plate (7 kp)> a stellate figure (aster) which 
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usually lies in the future plane of division of the cell. It is seen in 
surface view in Fig. 14. 

While the nuclear network is separating into the individual 
chromosomes, cytoplasmic filaments become applied to the nuclear 
membrane, surrounding it with a fibrous layer. This layer becomes 
raised up from the nuclear membrane at two opposite points 



Fig. 13.— Successive stages of nuclear and cell division in a meristematic cell of a higher plant. 
Somewhat diagrammatic, llased on the root of Najas marina , fixed with the clironi-osmium- 
acetic mixture and stained with iron haematoxylin. n, Nucleus ; nl, nucleolus ; w, nuclear 
membrane ; ch, chromosomes ; k, polar caps ; s , spindle ; kp, nuclear plate ; t, daughter-nucleus ; 
v, connecting fibres ; z , cell-plate ; m, new partition wall. The chromatophores are not visible 
with this fixation and staining, (x about 1000. After Cl. MHller.) 

(6 k) and forms the polar caps. The filaments converge at the poles, 
where they constitute two pointed bundles. At this stage the nucleoli 
(nl) are dissolved and the nuclear membrane disappears. The fibres 
proceeding from the polar caps can thus become prolonged into the 
nuclear cavity (7). Here they either become attached to the chromo- 
somes, or filaments from the two poles may come into contact and 
extend continuously from the one pole to the other. In this way the 
nuclear spindle (7 s) is formed. 

The two halves of each chromosome separated by the longitudinal 
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split now separate in opposite directions (8, 9) as the daughter- 
chromosomes in order to form the daughter - nuclei (10-12 tf). 
During this stage (diaster) the chromosomes are as a rule 
U-shaped with the bends towards the poles of the spindle. Having 
reached the poles they crowd together, while the surrounding 
cytoplasm forms the nuclear membrane delimiting the new nuclei. 
Within the latter the chromosomes again assume a reticulate 
structure (di-spireme stage, 11) and unite with one another to form a 
network (12), within which their individual limits are not distinguish- 
able. We are compelled, however, to assume that the individuality 
of the chromosomes is not lost. The young nuclei enlarge and one or 
more nucleoli again appear within them (12). 

The end attained by this mechanism of division is that the 
substance of the nucleus, and especially of the 
chromosomes, is distributed as equally as 
possible to the two daughter-nuclei at each 
division. This is a result of the longitudinal 
division of each chromosome and the passage 
of the two halves to the respective daughter- 
nuclei. From this it may be concluded that 
the chromatin is especially important for the 
„ „ n , life of the cell and of the whole organism, and 

Fig. 14. —Young cell from a ° ’ 

transverse section of the root- that the chromosomes bear the determinants of 
apex of Gaitonia ran dicans, hereditary properties, arranged like a string of 

showing a nuclear plate in ] i 
the polar view. The chro- ueaGS. 

mosomes are grouped in The number of chromosomes occurring in 
burger*) 1600 * AfterSTRAS ‘ any nucleus is a definite one for the particular 
species of plant. The smallest number of 
chromosomes which has yet been found in the nuclei of vegetative 
cells of the more highly organised plants has been six ; as a rule the 
number is much larger (up to 1 30). The chromosomes of a nucleus 
frequently differ in size and form (Fig. 14); when such differences 
exist they persist in successive divisions. These facts indicate clearly 
that the chromosomes preserve their individuality in the resting 
nucleus. The variously shaped chromosomes are regarded as bearing 
different groups of hereditary characters of the kind of plant in 
question. 

The changes occurring in a nucleus preparatory to division are termed the 
profhases of the karyokinesis, These changes extend to the formation of the 
nuclear plate. The stage of the nuclear plate, which usually lasts some time, is the 
metaphase. The separation of the daughter-chromosomes is accomplished in the 
anaphase, and the formation of the daughter-nuclei in the telophase of the 
division. 

It is uncertain in what way the chromosomes are moved in the process 
of karyokinesis as described above. Strasburger assumed that the fibres 
of the spindle which appear to end at the chromosomes (traction fibres) by their 
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shortening drew the daughter-chromosomes from the nuclear plate to the poles, 
while the fibres extending from the one pole to the other were supporting fibres 
to the spindle. This assumption does not, however, explain the movement of the 
chromosomes toward the nuclear plate. 

In certain reproductive cells of plants and animals the nuclear division proceeds 
in a special manner and differs from the typical process just described. It is 
termed the reduction division, or meiosis (cf. p. 189). 


Direct Nuclear Division ( 17 ). — In addition to the mitotic or 
indirect nuclear division there is also a direct or amitotic division, 
sometimes called fragmentation. Direct division of the nucleus 
occurs in nuclei which were themselves derived by indirect division. 
It is essentially a process of constriction, which need not, however, 
result in new nuclei of equal size. No cell-division ^ 

follows. Instructive examples of direct nuclear division L 

are afforded by the long internodal cells of the Characeae. 

In the case of the Characeae, several successive rapid divisions 
take place, so that a continuous row of bead-like nuclei often 
results. Direct nuclear division also occurs in seed-plants, e.g. in 
Traclescantia , Ficnkia , Impaticus balsamina, etc. 

(b) Multiplication of the Chromatophores. — This th’J S o’/The 



Fio. 15. — Chloro- 


is accomplished by a direct division, as a result of which, 
by a process of constriction, a chromatophore becomes 
divided into nearly equal halves. The stages of this 
division may best be observed in the chloroplasts 
(Fig. 15). 

(c) Division of the Cytoplasm. — In the uninucleate 


moss Funaria, 
resting, and in 
process of divi- 
sion. Small in- 
cluded starch 
grains are 
present in the 
grains, (x 540. 


cells of the higher plants cell-division and nuclear b^er .) 8 ™* 8 
division are, generally, closely associated. The fibres 
of the spindle extending from pole to pole persist as CONNECTING 
fibres between the developing daughter - nuclei (Fig. 13, 9 v), 
and their number is increased by the interposition of others 
(Fig. 13, 10 , 11 ). In consequence of this a barrel-shaped figure, 
the phragmoplast is formed. At the same time the connecting fibres 
become thickened (Fig. 13, 11 ) at the equatorial plane, and the short 
rod-shaped thickenings form what is known as the cell-plate. In 
the case of cells rich in protoplasm or small in diameter the connecting 
fibres become more and more extended, and touch the cell-wall at all 


points of the equatorial plane. The elements of the cell-plate unite 
and form a cytoplasmic limiting layer, which then splits into two. In 
the plane of separation the new partition wall is formed of cell-wall 
substance, and thus simultaneously divides the mother -cell into 


two daughter-cells (Fig. 1 3, 1 2 m ). 


If, however, the mother-cell has a large sap-cavity, the complex of connecting 
fibres cannot at once become so extended, and the partition wall is then formed 
successively (Fig. 16). In that case, the partition wall first commences to form at 
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the point where the complex of connecting fibres is in contact with the side walls 
of the mother-cell (Fig. 16 A). The cell-plate then detaches itself from the part 
of the new wall in contact with the wall of the mother-cell, and moves gradually 
across until the septum is completed (Fig. 16 B and G ) ; the new wall is thus 
built up by successive additions from the protoplasm. In elongated cells that 

divide longitudinally such as those of the 
cambium the formation of the wall thus 
proceeds from the middle region where the 
nucleus is situated ( 18 ). 

In the Thallophytes, even in the case of 
uninucleate cells, the partition wall is not 
formed within connecting fibres, but arises 
either simultaneously from a previously 
formed cytoplasmic plate, or successively, 
by gradual projection inwards from the 
wall of the mother-cell. In this form of 
cell-division the new wall commences as 
a ring-like projection from the inside of 
the wall of the mother-cell, and gradually 
pushing farther into the cell finally extends completely across it (Fig. 17). The 
new wall is formed midway between the daughter-nuclei. 

In the naked cells of the Myxomycetes and Flagellates the division results from 
an active constriction of the protoplast. 




Fig. 16.— Three stages in the division of a 
living cell of the orchid Epipactis. (x 365. 
After Tkeub.) 


2. Deviations from typical Cell Division. — The main deviations 
from typical cell-division which are found here and there in the 
vegetable kingdom are multicellular formation, cell-budding, and 
FREE CELL FORMATION. 

(a) Free Nuclear Division and Multicellular Formation. — The nuclear division 
in the multinucleate cells of the Thallophytes may serve as an example of free nuclear 
division, that is, of nuclear division unaccompanied by cell-division. In plants 
with typical uninucleate cells, examples 
of free nuclear division also occur. This 
method of development is especially in- 
structive in the embryo -sac of Phanero- 
gams, a cell, often of remarkable size and 
rapid growth, in which the future embryo 
is developed. The nucleus of the embryo- 
sac divides, the two daughter-nuclei again 
divide, their successors repeat the process, 
and so on, until at last thousands of nuclei 
are often formed. No cell-division accom- 
panies these repeated nuclear divisions, but 
the nuclei lie scattered throughout the 
peripheral cytoplasmic lining of the embryo- 
sac. When the embryo - sac ceases to 
enlarge, the nuclei surround themselves 
with connecting strands, which then radiate from them in all directions 
(Fig. 18). Cell-plates make their appearance in these connecting strands, and 
from them cell-walls arise. In this manner the peripheral protoplasm of the 
embryo-sac divides simultaneously into as many cells as there are nuclei. Where 



Fig. 17.— Portion of a dividing cell of Clado- 
phora. w, Newly forming partition wall ; 
ch, dividing chromatophore ; k, nuclei, 
(x 600. After Strasburger.) 
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the embryo-sac is small and of slow growth, successive cell -division takes place, so 
that multicellular formation may be regarded as but a shortened process of 
successive cell-division, induced by an extremely rapid increase in the size of the 
cell. The reproductive cells of many Algae and Fungi also arise in this way. 

(b) Cell-budding. — This is simply a special variety of ordinary cell-division, in 
which the cell is not divided in the middle, but, instead, pushes out a protuberance 
which becomes separated from the mother-cell by a wall formed across the 
constricted region. This mode of cell-multiplication is characteristic of the Yeast 
plant (Fig. 19) ; the spores, known as conidia, which are produced by numerous 
Fungi, have a similar origin (Fig. 410). 

(c) Free Cell Formation. — Cells produced by this process differ from those 
formed by the usual mode of cell- 
division, in that the free nuclear 
division is followed by the forma- 
tion of cells, which have no contact 
with each other, and in the 
formation of which the whole of 
the cytoplasm of the mother-cell 
is not used up. This process can 
be seen in the development of the 
swarm cells of some Algae, in 
the developing embryo of some 
Gymnosperms ( e.g . Ephedra), in 
the formation of the egg- apparatus 
and antipodal cells in Angiosperms, 
and also in the formation of the 
spores of the Ascomycetes. A 
single nucleus is present to begin 
with in each ascus of the Asco- 
mycetes. By successive divisions 
eight nuclei, lying free in the 
cytoplasm, are derived from this. 

A definite portion of cytoplasm 
around each of these nuclei be- 
comes limited from the peripheral 
protoplasm (periplasm) by a layer, 
which then forms a cell-wall. Thus 
eight separate spores arise (cf. 

Fig. 390). As the researches of 
Harper ( 19 ) have shown, the formation of the peripheral layer proceeds from 
a centriole-like mass of protoplasm (Fig. 20 A) which formed a pole of the 
spindle in the preceding nuclear division ; the nucleus is drawn out towards 
this. From the centriole-like body radiations proceed (kp) which surround the spore 
as it becomes delimited, and finally fuse to form its peripheral layer (Fig. 20 B , C, D). 



Fin. 18.— Portion of the peripheral protoplasm of the 
embryo-sac of Reseda , showing the commencement of 
multicellular formation. This progresses from above 
downwards. From a fixed and stained preparation. 
( x 240. After Strasburoer.) 


III. THE LARGER NON-LIVING INCLUSIONS OF THE 
PROTOPLASTS ( 20 ) 

In addition to the minute microsomes which are always present 
in the cytoplasm, larger non-living inclusions make their appearance 
in the cytoplasm and chromatophores of all cells as they pass from 
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the meristematic to the mature condition. The cell-sap (Fig. 3 ?;), which 
in larger or smaller vacuoles is hardly ever absent from a cell of the 
mature tissues of a plant, has already been mentioned. Besides these 


droplets of a watery 
in the amorphous or 
crystalline condition 
frequently occur in 
the cell-sap or the 
cytoplasm itself. 
Many of these in- 
cluded substances are 
of great value in the 
life of the plant as 
RESERVE MATERIALS. 
They are accumu- 
lated for future use 
in considerable quan- 



Fia. 19 .— Saccharomyces 
cerevisiae. 1 , Cells 
without buds ; 2 and 
3 , budding cells, (x 
540. After Stras- 
buroer.) 


solution, fats and oils 



Fia. 20.— Successive stages of \ 
ascus of Erysiphe. s. Nuclear 
After Harper.) 


and also solid bodies 



;he delimitation of n spore in the 
network; n, nucleolus, (x 1500. 


tity in the cells of storage organs (bulbs, tubers, seeds). Others are 
end products of metabolism which may, however, be of great ecological 
importance. 

A. Inclusions of the Cytoplasm 

1. Fluid Inclusions of the Cytoplasm, (a) The Cell-Sap. — This 
name is given to the watery fluid in the larger vacuoles or the single 
sap-cavity of vegetable cells (Fig. 3). It is more or less rich in 
various dissolved substances, which may be the same or different from 
those in the protoplasm. The dissolved substances may differ in the 
various vacuoles of the same cell. 

All cell-sap contains in the first place inorganic salts, especially nitrates, 
sulphates, and phosphates. Its reaction is usually acid owing to the presence 
of organic acids (e.g. malic acid C 4 H 6 0 5 , which is constantly present in the 
leaves of succulent plants, tartaric acid C 4 H 6 0 6 , oxalic acid C 2 0 4 H 2 , etc), or salts 
of these. 

The soluble carbohydrates are especially important constituents of the cell- 
sap, often as reserve materials. Various sugars are the most important. These 
include di-saccharides (GjaH^On) such as cane-sugar and maltose, and mono- 
saccharides (C 6 H 12 0 6 ) such as grape-sugar (glucose). Cane-sugar is frequently 
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stored as a reserve material, as in the sugar-beet, carrot, the stem of the sugar-cane, 
and other plants from which sugar is obtained. A similar place is taken by the 
carbohydrate inulin in the Compositae and by glycogbn in the Fungi. 

If preparations containing glucose be placed in a solution of copper sulphate, and, 
after being washed, are transferred to a solution of caustic potash and heated to 
boiling, they will give a brick-red precipitate of cuprous oxide. Treated with 
alcohol, inulin is precipitated in the form of small granules, which may be 
redissolved in hot water. When portions of plants containing much ipulin, such 
as the root tubers of Dahlia variabilis , are placed in alcohol or glycerine, the inulin 
crystallises out and forms sphaerites (sphere-crystals) which often show distinct 
concentric stratification. 

Glycogen, which is of frequent occurrence in animal tissues, occurs in the 
Fungi, Myxomycetes, and the Cyanophyceae in the form of droplets. It is a 
poly-saccharide with the composition (C 6 H 10 O 5 )„. It takes the place of other 
carbohydrates such as starch and sugar. Cytoplasm containing glycogen is 
coloured reddish-brown with a solution of iodine. This colour almost wholly 
disappears if the preparation be warmed, but reappears on cooling. 

Mucilage, which consists of carbohydrates, is often found in the cell-sap of 
bulbs, as in Allium cepa and Urginea ( Scilla ) maritima ; in the tubers of Orchids ; 
also in aerial organs (Fig. 21), especially in the stems and leaves of succulents, 
and also outside the protoplasts in the cell-wall (cf. p. 36). 

Amides, especially asparagin, occur in the cell-sap as reserve materials or as 
intermediate products of the metabolism (cf. p. 14). 

Highly refractive vacuoles filled with a concentrated solution of tannin ( 21 ) 
are of frequent occurrence in the cytoplasm of cortical cells, and may often grow 
to a considerable size. Alkaloids and glucosides (cf. p. 14) are also not 
infrequent in the cell-sap. All these are usually end products of metabolism. 

Tannins are mixtures of various aromatic compounds, frequently glucosides ; 
in glucosides in plants gallic acid, gallo-tannic acid (digallic acid or tannin) and 
ellagic acid are especially widely spread. The dark-blue or green colour reaction 
obtained on treatment with a solution of ferric chloride or ferric sulphate, and the 
reddish-brown precipitate formed with an aqueous solution of potassium bichromate, 
are usually accepted as tests for the recognition of tannins, but are not restricted 
to them. The tannins aro not further utilised in the plant. They often impregnate 
cell-walls, which then persist and resist decay. 

The cell sap is often coloured ( 22 ), principally by the so-called ANTHO- 
CYANINS, a group of non-nitrogenous glucosides. They are blue in 
a weakly alkaline, and red in an acid-reacting cell-sap, and, under certain 
conditions, also violet (in neutral cell-sap), and even blackish-blue. 
Alkalies frequently change the colour to green. Anthocyanin can be 
obtained from the cell-sap of a number of deeply coloured parts of 
plants in a crystalline or amorphous form. 

The anthocyanins are glucosides in which cyanidins (aromatic pigment 
components, hydroxyl compounds of phenylbeuzo-pyrilium, and apparently related 
to the fiavones), are combined with sugar, e.g. in the Cornflower cyanidin (C 15 H 10 O 6 ) 
and in the flower of the Larkspur delphimdin (C 15 H 10 O 7 ). In red flowers the 
cyanidins are united with acids aud in blue flowers with alkalies, while the 
pigments in violet flowers are neutral. 

Less commonly yellow substances, anthochloke, are found dissolved in the cell- 
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sap as in the yellow floral leaves of the Primrose and the yellow Foxglove. A 
brown pigment called anthophaeine occurs in the cells of the blackish-brown 
spots of some flowers. The anthochlores are also glucosides with aromatic 
pigment components belonging to the flavones, or may be free flavones. 

Blood-coloured leaves, such as those of the Copper Beech, owe 
their characteristic appearance to the united presence of green 
chlorophyll and anthocyanin. 

The different colours of flowers and fruits which often serve to 
attract animals are due to the varying colour of the cell-sap and also 
to the different combinations of dissolved colouring matter with the 
yellow, orange, or red chromoplasts and the green chloroplasts. 

(b) Vacuoles containing Fats (Fatty Oils). — These substances are 
of common occurrence as reserve materials ; about nine-tenths of all 
Phanerogams store them in their seeds often in the form of a very 
fine emulsion which cannot be optically demonstrated. In seeds 
especially rich in oil this may form 70 per cent of the dry weight. 
Especially in the germinating seeds, the oil may form highly 
refractive droplets (fat-vacuoles) in the cytoplasm. 

Fats are mixtures of glycerine esters of fatty acids, especially of palmitic acid 
(C^H^Cy, stearic acid (C 18 H 36 0 2 ), and oleic acid (C^H^Oa). Since fats provide a 
greater amount of energy than other storage substances, the space available in 
storage organs is best utilised for them. 

(c) Vacuoles with Ethereal Oils and Resins ( 23 ).— These also occur as highly 
refractive droplets. They are found in the cells of many petals. Special cells, 
often with corky walls and filled with resin or ethereal oils, are found in the 
rhizomes of certain plants, as for instance in those of Acorus Calamus and of 
Ginger ( Zingiber officinale ) ; also in the bark, as, for example, of Cinnamon trees 
( Cinnamomum ) ; in the leaves, as in the Sweet Bay ( Laurus nobilis) ; in the 
pericarp and seed of the Pepper (Piper nigrum) ; in the pericarp of Anise ( Illicium 
anisatum). Ethereal oils and resins have antiseptic properties. In flowers their 
scent assists in attracting insects. Under some conditions the oil assumes the 
crystalline form, e.g. in rose petals. Ethereal oils are mixtures of terpenes 
(C J0 H 16 )i-?i and terpene derivatives with certain esters, phenols, and higher 
alcohols. Resins and mixtures of terpenes are resin acids which arise from the 
terpenes by oxidation. 

2. Solid Inclusions of the Cytoplasm, (a) Crystals of Calcium 
Oxalate Ca(C0 2 ) 2 . — Few plants are devoid of such crystals ( 24 ). They are 
formed in the cytoplasm as end products of metabolism, within vacuoles 
which afterwards enlarge and sometimes almost fill the whole cell. In 
such cases the other components of the cell become greatly reduced ; 
the cell-walls at the same time often become corky, and the whole 
cell becomes merely a repository for the crystal. The crystals may 
be developed singly in a cell, in which case they are of considerable 
size (Figs. 125 k , 168 Bk, 177 h ), or many minute crystals may fill the 
cell as a crystalline sand. In other cases they form crystal aggregates 
(Figs. 125 k y 179 &), clusters of crystals radiating in all directions from 
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a common centre, or many needle-shaped crystals lie parallel forming 
a bundle of raphides (Fig. 21). The various types of crystals pre- 
dominate in different plants. 

The solitary crystals belong to the tetragonal or to the monosyrametric 
system. The former, with three molecules of water of crystallisation, form as a result 
of the supersaturation of the solution with calcium oxalate ; the latter (including 
the raphides) with one molecule of water of crystallisation, result from an excess of 
oxalic acid. 

Crystals of calcium oxalate are soluble in hydrochloric acid, but insoluble in 
acetic acid. 

Siliceous bodies, which are only soluble in hydrofluoric acid, are found in 
some cells, especially of Grasses, Palms and Orchids. 

(b) Aleurone Grains. Proteid Crystals. — Albuminous substances 
may be stored in a dissolved form in the cell-sap of succulent parts of 
plants. Thus they can be precipitated by treatment with alcohol in 
the cells of the potato tuber. In dry structures, such as many seeds, 
proteid substances occur as solid granules called aleurone grains, 
which are especially large in oily seeds (Fig. 22). They are formed 
from vacuoles, the contents of which are rich in albumen, and harden 
into round grains or, sometimes, into irregularly shaped bodies. The 
albuminous substances of which they consist are mainly globulins ( 25 ). 
A portion of the albumen often crystallises, so that frequently one, 
and occasionally several, crystals are formed within the aleurone grain. 
These are especially large in the aleurone grains of the Brazil nut 
(Bcrtholletia excelsa). In the cereals the aleurone grains, which lie 
only in the outer cell-layer of the seeds (Fig. 23 al\ are small, and 
free from all inclusions. As the outer cells of wheat grains contain 
only aleurone, and the inner almost exclusively starch, it follows that 
flour is the richer or poorer in albumen the more or less completely 
this outer layer has been removed before the wheat is ground. The 
aleurone layer remains attached to the inner layer of the seed-coat, 
in the bran. 

In aleurone grains containing albumen crystals there may often be found globular 
bodies termed (jloboids (Fig. 22 g), which consist of globulins combined with the 
calcium and magnesium salt (phy tin) of the organic inosithexa phosphoric acid 
[0 2 P(0H) 2 ] 6 . 

Reactions for aleurone are the same as those already mentioned for the 
albuminous substance of protoplasm. Treatment of a cross-section of a grain of 
wheat (Fig. 23) with a solution of iodine would give the aleurone layer a yellow- 
brown colour. 

Albumen crystals usually belong either to the regular or to the hexagonal crystal 
system. They differ from other crystals in that, like dead albuminous substances, 
they may be stained, and also in that they are capable of swelling by imbibition. 
Albumen crystals may occur directly in the cytoplasm ; as, for instance, in the 
cells poor in starch in the peripheral layers of potatoes, and in chromatophores 
(Fig. 27). They are sometimes found even in the cell-nucleus. This is particularly 
the case in the Toothwort ( Lathraea i) 9 and in many Scropliulariaceae and Oleaceae. 
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B. Inclusions of the Chromatophores 


Crystals of albumen and of pigments have already been mentioned 
as occurring in chromatophores (Fig. 27), but the most important 
inclusion is starch ( 26 ). The chloroplasts in plants exposed to the 
light almost always contain starch-grains (Fig. 15). These grains of 
starch found in the chloro- 


plasts are formed in large 
numbers, but as they are 
continually dissolving, always 



Fio. 21.— Cell from the cortex of Dra- 
caena, filled with mucilaginous 
matter and containing a bundle 
of raphidea, r. (x 160. After 
Schenck.) 



Fio. 22. — Cell from tho endosperm of liicinus 
communis, in water ; k , albumen crystals ; 
y, globoid, (x 540. After Stuashuroer.) 



Fio. 23. — Part of a section of a grain of wheat, Triticura 
vulgare. p, Pericarp ; t, seed coat, internal to which 
is the endosperm ; al, aleurone grains ; am, starch 
grains ; n, cell nucleus, (x 240. After Strasburorr.) 


remain small. Large starch-grains are found only in the reservoirs 
of reserve material, where starch is formed from the deposited 
products of previous assimilation. Such starch is termed reserve 
starch, in contrast to the assimilation starch formed in the 
chloroplasts. It also only arises in chromatophores, in this case the 
leucoplasts or starch-builders (p. 19) which form it from sugar, even 
in the absence of light. 

All starch used for economic purposes is reserve starch. The 
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amount of starch contained in reservoirs of reserve material is often 
considerable ; in the case of potatoes 20 per cent of their whole 
weight is reserve starch, and in wheat the proportion of starch is as 
high as 70 per cent. The starch flour of economic use is derived by 
washing out the starch from such reservoirs of reserve starch. In 
the preparation of ordinary flour, on the contrary, the cell-walls and 
protoplasts of the tissues containing the starch are retained in the 
process of milling. 

The reserve starch consists of flat or roundish (oval or circular) 
grains, differing in size in different plants. A comparison of the 
accompanying figures (Figs. 24-26), all equally magnified, will give 
an idea of the varying size of the starch-grains of different plants. 
The size of starch-grains varies, in fact, from 0*002 mm. to 0*170 



Fig. 24.— Starch-grains from a potato. A, simple; 
B, half- compound ; C and D, compound starch - 
grains ; c, organic centre of the starch-grains, 
(x 540. After Strasburoer.) 



Fio. 25.— Starch-grains from the 
cotyledons of Pha-seolns. (x 540. 
After Strasburoer.) 



Fig. 2<>.— Starch -grains of the oat, 
A vena saliva. A, Compound 
grain ; B, isolated component 
grains of a compound grain, 
(x 540. After Strasburoer.) 


mm. Starch-grains 0*1 70 mm. in size may be seen even with the 
naked eye, as minute bright bodies. The starch-grains stored as 
reserve material in potatoes are comparatively large, attaining an 
average size of 0*09 mm. As shown in the above figure (Fig. 24), they 
are plainly stratified. The stratification is due to the varying densities 
of the successive layers ; thicker denser layers — which appear clear 
by transmitted light — alternate with thinner less dense layers — which 
appear dark. They are excentric in structure, since the organic centre, 
about which the different layers are laid down, does not correspond with 
the centre of the grain but is nearer to one margin. The starch-grains of 
the leguminous plants and cereals, on the other hand, are concentric, and 
the nucleus of their formation is in the centre of the grain. The starch- 
grains of the kidney bean, Phaseolus vulgaris (Fig. 25), have the shape of 
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flattened spheres or ellipsoids ; they show a distinct stratification, and 
are crossed by fissures radiating from the centre. The disc-shaped 
starch-grains of wheat are of two very different sizes, the larger 
lens-shaped and indistinctly stratified, and the smaller minute spheres. 
In addition to the simple starch-grains so far described, half-compound 
and compound starch-grains are often found. Grains of the former kind 
are made up of two or more individual grains, surrounded by a zone of 
peripheral layers enveloping them in common. The compound grains 
consist merely of an aggregate of individual grains unprovided with 
any common enveloping layers. Both half-compound (Fig. 24 B) and 
compound starch-grains (Fig. 24, C , D) occur in potatoes, together with 

simple grains. In oats (Fig. 26) and 
rice, all the starch-grains are compound. 
The compound starch-grains of rice 
consist of from 4 to 100 single grains ; 
those of the oat of about 300, and 
those of Spinacia glabra sometimes of 
over 30,000. Starch-grains have thus 
distinctive forms in different plants. 

The structure of starch - grains 
becomes intelligible in the light of 
their mode of formation. If the starch- 
grain is uniformly surrounded by the 
leucoplast .during its formation, it 
grows uniformly on all sides and is 
symmetrical about its centre. If the 
formation of a starch-grain begins 
near the periphery of a leucoplast, the grain will grow more 
rapidly on the side on which the main mass of the leucoplast 
is present, and the starch-grain thus becomes excentric (Fig. 27). 
Should, however, several starch-grains commence to form at the 
same time in one leucoplast, they become crowded together and form 
a compound starch-grain, which, if additional starchy layers are laid 
down, gives rise to a half-compound grain. 

Starch-grains are composed of a carbohydrate with the formula 
(C 6 H 10 O 6 ) n . When it is to be employed further in the metabolism of 
the plant, starch is again transformed into sugar (maltose) by the action 
of an enzyme called diastase. 




p 


Fio. 27.— Leucoplasts from an aerial tuber 
of the orchid Phajus. A, C, D , viewed 
from the side ; B, viewed from above ; 
sf, starch grain ; kr, proteid crystal^ 
(x 540. After Strasburoer.) 


Starch-grains may be regarded as crystalline sphacro- crystals, which are built 
up of radially arranged, needle-shaped crystals of a- and /3-amylose. With polarised 
light they show, like inorganic sphaerites, and those of inulin (p. 27), a dark cross, 
an appearance depending on the doubly-refractive nature of the elements of the 
starch-grain. Rontgen rays also demonstrate the starch-grains as constructed of 
rhombic crystallites. The stratification is the expression of differences in form and 
abundance of the crystalline needles in the successive layers. 

Starch-grains are as a rule coloured, first blue and then almost black, by a 
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watery solution of iodine. They are easily swollen at ordinary temperatures 
in solutions of potash or soda and by chloral hydrate. They also swell and 
form a paste in water at 60°-80° C. They dissolve, i.e. are transformed into 
sugar without previous swelling, in concentrated sulphuric acid. Heated without 
the addition of water, or roasted, the starch is transformed into an imperfectly 
known substance that is soluble in water. 

IV. THE CELL- WALL ( 27 ) 

Each protoplast in plants is as a rule enclosed by a firm invest- 
ment called the cell-wall. This is formed on the outside of the 
protoplast and is not itself regarded as living. Many plants 
commence their development as naked protoplasts, e.g. swarm-spores 
or egg- cells. These cells, before developing further and dividing, 
secrete a thin cell-wall clothing the surface. In cell-division, as has 
already been described, a partition wall is usually formed between the 
new cells so that each protoplast remains enclosed by a cell-wall. 

The form of cells is usually dependent on the cell-wall, for the 
naked protoplast behaves like a fluid drop. The relatively small and 
uniformly shaped meristematic cells attain their ultimate size and 
special shapes by the growth in surface of their walls. This growth 
is sometimes the same all round, and at other times is limited to 
the tip or an angle of the cell, to a girdle-like zone, or some other 
circumscribed region. It comes about as a result of the stretching 
of the wall, or else by the insertion of new material between the 
particles of the existing wall (growth by intussusception). 

The cell-wall serves to protect and also to give rigidity to the 
protoplast. This is attained both by the tension of the membrane 
(turgor, cf. p. 219) and by the growth in thickness of the cell-wall. 
While the ultimate form of the cell involves growth in surface of the 
cell- wall, it is by the growth in thickness that the latter attains its 
characteristic structure. The growth in thickness, which commences 
during the growth in surface of the wall, continues after this is 
complete. It is usually effected by apposition, i.e. the deposition of 
material by the protoplasm on the already existing wall in the form 
of new layers or lamellae. In this way a concentric stratification of 
the cell-wall arises (Fig. 29). In the thickened wall, thicker, denser 
lamellae alternate with thinner and less dense layers, which are often 
not only richer in water but chemically different from the denser 
layers. The latter are more highly refractive and appear brighter. 
In many apparently homogeneous cell-walls, such stratification can 
be recognised after swelling has been brought about by treatment 
with strong acids or alkalies. 

Not uncommonly growth in thickness also depends on the 
introduction of new material info the existing wall (intussusception). 

In many cells the whole extent of the wall is thickened 
with the exception of small circular, elliptical, or spindle-shaped 

P 
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areas which form the pits. These appear in the thickened wall as 
depressions (Fig. 28) or tubular canals (Fig. 29), closed at one end, as 
a rule the outer, by the unthickened portion of the cell-wall which 
forms the pit membrane (Fig. 28 B). Sometimes with the increase 
in the thickness of the wall the canals of several pits unite forming 
BRANCHED PITS. Such branched pits have usually very narrow canals 
and occur for the most part in extremely thick and hard cell-walls as, 
for instance, those of sclerotic cells or sclereides (Fig. 29). 

In other cells the greater part of the wall is only slightly 
thickened, while narrowly circumscribed portions thicken greatly and 
assume the form of projections, warts, simple or branched pegs (Fig. 

30), spines, ridges, bands, or a network 
* (Figs. 64, 65). Such thickenings may 



Fig. 28. — A , Spherical stalked cell Fig. 20. -Sclerotic cell from the shell of a walnut 

of Saprole^nia with circular showing stratification of the wall and branched 

pits in the wall. B, One pit pits. The canals of some of these pass ob- 

of this in optical section more liquely out of the plane of section. (Kothert, 

highly magnified. after Reinke.) 

petal). Small projections often occur on hairs, while the thickenings 
of spores and pollen grains (Fig. 31) are characteristic. 

A very peculiar form of thickening, with calcium carbonate deposited in it and 
localised to one small region of the wall, is seen in the cystolith which forms 
a stalked body, hanging in the cell like a bunch of grapes ( Ficus elastica , 
Fig. 32). 

Centrifugal thickening of the wall is frequently brought about by intussusception. 
This can take place at some distance from the protoplasm and be associated with 
chemical and structural differentiation of the cell-wall, which thus behaves almost 
as if it were a living structure. The centrifugal thickening of the walls of cells 
which have arisen by free cell formation ( e.q . ascospores) is effected by the 
periplasm from which the cells have been cut out (cf. p. 25). Similarly the 
thickenings of many pollen grains and spores are deposited from without by 
the protoplasm of the tapetal cells which line the cavities in which they are 
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developed. The protoplasts of the tapetum fuse to a periplasmodium surrounding 
the young spores or pollen grains ( >28 ). 

In some cases fine striae, running obliquely to the longitudinal axis of the cell, 
are apparent when the thickening layers are viewed from the surface (Fig. 33). 
This striation depends either on _ 

a distinction in the individual * * r 

thickening layers of regions of 
different density, the denser fre- 
quently projecting into the cell 
cavity, or (in many Algae such 


TJT 


Fks. 30. — Portion of a tubular rhizoid of Marchantia with 
local peg-like thickenings of the wall. ( X 240.) 


as Gladophora ) on a wave-like folding of the lamellae. If the wall is distinctly 
stratified the striae in successive thickening layers are usually inclined in 
opposite directions (Fig. 33). 


Chemical Nature of the Cell Wall ( 29 ). — In living cells the cell- 
wall is always permeated by water and swollen, but shrinks corre- 
spondingly when the water is more or less completely removed. 
The lamellae of the wall consist of carbohydrates, in the main of 
celluloses, but also of IIEMICELLULOSES or pentosan es, and as a rule 
of several of these substances. 


The cell-walls thus never consist of pure cellulose. The celluloses occur in the 
walls of all plants with the exception of many fungi ; they are polysaccharides, the 
composition of which is expressed by the formula (C 6 H 10 O 5 ) u . They stain blue 
with chlor-zinc-iodide solution but not with iodine alone. This reaction holds for 
many hemicelluloses which are also polysaccharides. The cell-wall nearly always 

contains other substances in consider- 
able amount, some of which are stained 
other colours than blue by chlor- zinc- 
iodide. The pEcric substances are 
especially important ; these take a 
yellow colour with this reagent. It 
depends on this that many “cellulose 
walls” do not give a pure blue with 
chlor - zinc - iodide but stain violet, 
brownish violet, or brown. Chitin, 
formerly regarded as peculiar to the 
animal body, is present in the walls of 
most Fungi. 

The celluloses are insoluble in 
dilute acids and alkalies ; even con- 
centrated potash solution does not 
dissolve them. They are, on the other 
hand, soluble in ammonia-oxide of 
copper, by concentrated sulphuric acid after conversion into dextrose, and by 
concentrated hydrochloric acid. They are further acted on by the enzyme 
cellulase and transformed into glucose, with the dissaccharide cellobiose as 
an intermediate product. After treatment with sulphuric or phosphoric acid a 
watery solution of iodine will colour them blue, and a similar reaction is obtained 
by the simultaneous action of a concentrated solution of certain salts, such as 
zinc-chloride or aluminium-chloride, and of iodine. Accordingly chlor-zinc-iodide, 



Fio. 31. — A, Follen-grain of Cucurbita Pepo in surface 
view, and partly in optical section, rendered 
transparent by treating with oil of lemons, 
(x 240.) li, Part of transverse section of pollen 
grain. (X 540. Aftei Strasburoer.) 
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on account of the blue or violet colour imparted by it, is one of the most con- 
venient tests for cellulose. The name of hemicelluloses is given to a series of 
substances which are nearly related to the celluloses, but are transformed by even 
dilute acids into soluble sugars other than dextrose ( e.g . mannose, galactose). 
Mucilaginous cell-walls and those consisting of reserve-cellulose are specially rich 
in hemicelluloses (cf. p. 41). They are often insoluble in ammonia-oxide of 
copper. As the celluloses are polysaccharides with large molecules produced 
from hexoses (C tf H 12 0 6 ), the pentosanes (C 5 H 8 0 4 ) n are corresponding condensation 
products of pentoses (C 6 H 10 O 8 ) such as arabinose and xylose. The pectins ( 30 ) are 
characterised by the ease with which they dissolve in alkalis after previous 
treatment with dilute acids. In contrast to cellulose, they stain deeply with 
safranin and methylene blue. The pectins are complex compounds in which 
monohexoses, pentosane, acetic acid, and 
in addition methyl alcohol behaving as 
an ester and calcium and magnesium 


Fig. 32.— Cell of Ficus elastica contain- Fio. 33.— Part of a sclerenchymatous libro 

ing a cystolith, c. (x 240. After from Vinca , in surface view, (x 500. 

Schenck.) After Strasburger.) 

behaving as salts, are united to tetragalacturic acid (C 2 4 H 32 0 2 4 , a condensation 
product of galacturic acid C 6 H 10 O 7 ). It is the presence of pectins that determines 
the formation of gelatinous material from decoctions of fruits. 

Chitin is acetyl-glycosamine (C^H^O^NJ. 

The cell-wall frequently undergoes chemical changes of various 
kinds during the life of the cell ; sometimes layers already deposited 
change, in other cases the newly deposited layers are different from 
those-first formed. These transformations stand in the closest relation 
to the requirements of the plant to which the cells contribute. As 
regards “cellulose walls,” these in young cells are less elastic but 
relatively more extensible than in older cells ; this is advantageous in 
relation to the active growth in length of young parts. Such walls 
offer little resistance to the diffusion of water and dissolved substances. 

Cellulose walls not infrequently become mucilaginous, their sub- 
stance being transformed into a gelatinous or mucilaginous mass which 
swells greatly in water. Frequently cell- walls undergo lignifica- 
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tion, suberisation, or cutinisation. Lignification diminishes the 
extensibility of the cells considerably and increases their rigidity, 
without lessening the permeability of the wall to water and dissolved 
substances. Corky and cutinised walls, on the other hand, are 
relatively impermeable to water and gases, and greatly diminish 
evaporation. 

Lignification depends on the introduction into the carbohydrate layers of the 
cell-wall of lignines. The chemical composition of these is little understood, but 
benzole derivatives and pentosans enter into this. The innermost layers of the 
wall of lignified cells consist, however, in many cases of cellulose. Characteristic 
reactions for lignin are a yellow colour with acid aniline sulphate, and a red colour 
with phloroglucin and hydrochloric acid. These reactions depend on aromatic 
substances present in the lignified wall. With chlor-zinc-iodide lignified walls 
stain yellow, not blue. The lignifying substances can be separated from the walls 
by prolonged boiling in solutions of calcium bisulphite or caustic soda, under 
pressure. Only the cellulose lamellae remain and form a source of artificial 
cellulose. The action of Eau de Javelle on microscopical sections is similar. 

Suberisation is as a rule limited to the middle thickening layers of a cell-wall. 
The corky lamellae consist of subkrin only and thus contain no carbohydrate. 
Cutinisation is closely related to suberisation but not identical. It consists in a 
secondary deposit of cutin on a cellulose wall, or its introduction into the 
substance of the wall. No sharp distinction can be drawn between cutin and 
suberin. Both are coloured brownish yellow by chlor-zinc-iodide and take a nearly 
identical yellow colour with potash ; they stain red with sudan-glycerine and are 
both insoluble in concentrated sulphuric acid or ammonia-oxide of copper. Cutin, 
however, resists the action of potash better. Both cutin and suberin behave 
differently to reagents according to their special mode of origin. According to 
van Wisselingh ( 31 ) suberin is a fatty substance which is composed of glycerine 
esters and other compound esters of phellonic, suberic, and others of the higher fatty 
acids ; the phellonic acid is wanting in the more complex cutin. 

In old cell-walls inorganic substances often accumulate in considerable amount. 
Silicic acid is frequent, calcium carbonate less common, while organic salts such as 
calcium oxalate also occur. Calcium carbonate occurs in the walls of certain 
plants, e.g. of most Characeae, in such amount that they become rigid and brittle. 
Silicic acid is present in the peripheral cell-walls of grasses, horse-tails, and many 
other plants {e.g. of the unicellular diatoms), and makes them more rigid. 
Calcium oxalate when present is usually in the form of crystals. 

The cell- walls are frequently coloured dark by derivatives of tannins, and thus, 
as in seed-coats and in the old wood, arc protected against decay. The pigments 
belonging to the flavone group which occur in the technically valuable woods 
are also localised in the cell- walls. 

Solid cell-walls may undergo a transformation into gum, as in the gummosis 
of wood. In species of Pruniis and Citrus the thickening layers of the cell-wall 
become swollen one after another in this process, and ultimately the cell contents 
are involved in the change. The gum is chemically similar to mucilage (cf. p. 36). 

Spectroscopic examination with Rontgen rays has shown that cellulose walls, in 
the same way as starch-grains, have a crystalline structure. They consist of 
rhombic crystallites which are placed with their main axes oblique to the 
longitudinal axis of the cell ( 32 ). 
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HISTOLOGY ( 33 ) 

I. THE FORMATION OF TISSUES 


A. The Idea and Significance of Cellular Tissues 


Every close association of protoplasts enclosed in cell-walls is 
termed a tissue. 

Only the lowest organisms are composed of a single uninucleate or 
multinucleate protoplast and are thus unicellular throughout their life. 
Usually the body of a plant is multicellular, consisting of many 
protoplasts separated by cell-walls and thus forming a tissue. The 
attainment of large size and more complex external organisation is as 
a rule associated with such a structure. There are, it is true, certain 

Algae (Siphoneae) (Fig. 343) which are 
externally highly organised, while they 
consist internally of a single multinucleate 
protoplast. These may be contrasted as 
non-cellular organisms with the ordinary 
cellular plant, to the construction of which 
they form an exception. The formation 
of a cellular tissue is of the greatest 
importance in the development of more 
highly organised plants in enabling a 
division of labour to be effected in the 
protoplasm of the body. The division of 
the protoplasm into numerous protoplasts 
provides elementary parts which can take over different duties. It 
further greatly increases the surface of the protoplasm. The cell- 
walls separating the protoplasts isolate the latter more or less, while 
at the same time increasing the cohesion and the internal rigidity of 
the whole body formed of the numerous soft protoplasts. 



Fio. 34. — Gloeocnpfta yolydermaticu . 
A , Single cell ; B, C, divided. 
(X 540. After Stra.sbuh(.er.) 


A very imperfect tissue formation is found in those organisms the cells of which 
separate from one another at each division, hut remain connected by the mucilage 
derived from the swollen cell-walls. Such unions of more or less independent 
cells that have had a common origin may be termed cell-families or cell- colonies. 
The Schizophyceae, to which group Gloeocapsa (Fig. 34) belongs, and the orders of 
the Yolvocales and Protococcales among the Green Algae afford numerous examples, 
and the descriptions in the special part should be consulted. In the cell- filaments 
and cell-surfaces of those lower Algae in which the cells are all equivalent but are 
united together, the characters of a definite tissue begin to make their appearance. 
With the increasing number of cells composing the organism we get a contrast 
between base and apex and the appearance of a growing point, and also progressive 
division of labour among the cells. 
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B. Origin of Tissues 

The origin of vegetable tissues is, in general, attributable to cell- 
division. In Ilydrodidyon among the Algae a tissue is formed by the 
apposition of free cells. In the Fungi and Siphoneae a tissue arises 
through the interweaving of tubular cells or cell-filaments (plecten- 
chyma, Fig. 36). In such cases, where the filaments are so closely 
interwoven as to form a compact mass of cells, the tissue thus formed 
has the same appearance as the tissues of higher plants (Fig. 35). The 
mutual interdependence of the cells 
of such a tissue may even be 
manifested by the pits corresponding 
in position on the opposite sides 
of the walls resulting from the 
intimate union of the separate cells. 


Fid. 35.— Transverse section of the sclero- Fm. 86.— Longitudinal section of the stalk of 
tium of Clainceps purpurea, (x 300. the fructification of Boletus edulis. (x 300. 

After Schenck.) After Schenck.) 

C. The Cell Walls in the Tissues 

When sections of vegetable tissues are examined under a low 
magnification attention is attracted mainly or only by the cell-walls. 
These appear to form a network of threads something like a woven 
tissue, and the name takes its origin from this inaccurate comparison. 

1. Stratification. — All the septa arising in the course of cell- 
divisions in tissues are at first very thin and simple lamellae, common 
to the two cells the protoplasts of which they separate. The cell-wall 
never remains in this condition. Even in meristematic cells it becomes 
thickened as the membrane grows in surface extent. Thickening only 
ceases long after the cell has reached its ultimate size. It varies 
according to the functions taken over by the cell as part of a 
permanent tissue, especially thick walls being found in cells which 
contribute to the mechanical rigidity of the plant (Fig. 37). As a 
rule the thickening of a partition wall is effected by the two adjoining 
protoplasts depositing new lamellae on both sides of the original thin 
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septum (Figs. 37, 38, 59). The thickening may thus be equal or 
unequal on the two sides and each protoplast comes to have its own 
surrounding layers. The common middle region of the wall is called 
the middle lamella (Fig. 37 m). It is as a rule very thin, only widen- 
ing out somewhat at the angles where several walls meet (Fig. 68 Cm *), 
and consists mainly of pectic substances containing calcium ; it is 
relatively easily dissolved. In lignified and suberised tissues the 
middle lamella is frequently lignified. 


In soft tissues even boiling in water may swell the middle lamella and so 
separate the cells ( e.g . many kinds of potatoes). In ripe fruits this separation 
occurs naturally. Treatment with Schulze’s macerating fluid (potassium chlorate 
and nitric acid) or with concentrated solution of ammonia will separate other cells 

by destroying the middle lamella. The 
macerating fluid will thus isolate the 
elements of wood. There are also certain 
Bacteria which ferment pectic substances 
by means of the enzyme, pectinase, and 
thus bring about the separation of the 
cells ; in this way the mechanical cells of 
Flax are isolated in the process of retting. 

The thickening layers are 
distinguishable from the middle 
lamella both by their optical and 
chemical properties. Since they 
usually lie equally on both sides 
of the middle lamella the whole 
wall acquires a more or less sym- 
metrical construction (Figs. 37, 
38, 39, 40, 59) which extends to 
the pitting. 

Three distinct layers can frequently 
be distinguished in strongly thickened 
cell-walls, such as those of the wood, a primary, a secondary, and a tertiary thickening 
layer ; these differ in their optical appearance and their chemical composition. 
The secondary thickening layer is usually the most strongly developed, and forms 
the chief part of the cell- wall. 



Fio. 87.— Strongly thickened cell from the pith 
of Clematis vitalba. m, Middle lamella ; i, inter- 
cellular space ; t, pit ; w, pitted cell-wall in 
surface view, (x 800. After Schenck.) 


Cell- walls which do not adjoin other cells (Figs. 38, 42) and 
especially the external walls of the plant are, on the other hand, 
asymmetrically constructed. In such cases thickening layers can only 
be deposited on the side of the original cell- wall which faces the cavity 
of the cell. 

2. Pitting. — The cell-walls which separate the protoplasts will 
evidently render difficult the passage of materials from cell to cell in 
proportion to the thickness of the wall. The life of the organism 
could not continue without such transport of material. It is therefore 
necessary that this should not be too greatly hindered by the 
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thickening of the walls that ensures rigidity. The difficulty is met 
by the formation of pits in the walls between the protoplasts, while 
pits are as a rule wanting in the free external walls. 

The pits, which in greatly thickened walls form canals with 
circular (Fig. 37 w ,) or elliptical cross-section, meet accurately, and 
would form one continuous canal were it not that the unthickened 
primary wall persists as a pit-membrane (Figs. 37 t , 38 t ). 

The openings of narrow elliptical pits into adjoining cells usually appear to cross 
one another obliquely. 

The structure of pits may be very easily seen in the greatly thickened and 
abundantly pitted cell-walls of the seeds of various Palms (Fig. 40), Liliaceae 
{e.g. Ornithogalum), and other Monocotyledons 
(Fig. 601). The thickening here consists of a 
liemicellulose which forms a reserve material 
in the seed, and at germination is dissolved by 
an enzyme (cytase). The walls have a gleaming, 
white appearance, and are so hard that such 
seeds, e.g. of the Palm, Phytelephas macrocarpa , 
are technically known and employed as vege- 
table ivory. 

3. Cell - Fusions. — Eapid transport 
of substances within the body of the 
multicellular plant is necessary, for 
instance from one organ to another, as 
from the roots to the leaves. The 
process of diffusion through the cell- 
walls, even when assisted by the presence 
of the pits, does not suffice to meet 
this need. The cavities of many cells, 
especially those which serve for rapid 
transport, therefore become continuous 
by relatively wide openings, so that they form tubular structures 
or cell-fusions (cf. pp. 59, 61, 66). Such openings arise singly or in 
numbers by a solution of the cell-wall substance, especially in the 
end walls of adjoining cells. 

4. Connections of the Protoplasts in Tissues. — The harmonious 
co-operation of all the living parts of the body, which is such a striking 
feature of the life of an organism as a whole, would hardly be possible 
if the protoplasts forming the tissues were completely divided from 
one another by the cell-walls. It can in fact be shown that the 
protoplasts of the plant are united together by extremely fine 
cytoplasmic filaments, which proceed from the boundary layer of the 
cytoplasm and are known as plasmodesms ( 34 ). Such filaments are 
mostly confined to the pit-membrane (Fig. 39 s), but may also 
penetrate the whole thickness of the cell-wall (Fig. 40 pi). The 
existence of these connecting filaments of living substance between 



Fia. 38. — Cells from the cortex of the 
root of Iris, t , Pits in the stratified 
cell- wall ; i, intei cellular spaces, (x 
about 400.) 
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the protoplasts confers an organic unity on the whole body of the 
plant, serving for the conduction both of substances and of stimuli. 

5. Formation of Intercellular Spaces and the Ventilation of the 
Tissues. — Usually as the meristematic cells are transformed into 
permanent tissue and the cell- walls thicken, the middle lamella splits 
locally, especially at the angles of the cells. At these points the walls 


of neighbouring cells separate and 
air arise throughout the plant 
(Figs. 37, 38 i). In accordance 
with their mode of origin the 
smaller intercellular spaces are 
triangular or quadrangular in 



Fro. 39. — A cell from the cortex of the 
Mistletoe ( Viscum album) ; the protoplast 
has been properly fixed and stained and 
the wall (m) swollen. The j>it membranes 
( s ) are traversed by connecting threads 
(plasmodesms) ; ch, chloroplasts ; n, 
nucleus, (x 1000. After Strasburger.) 


INTERCELLULAR SPACES filled with 



Fig. 40. — A, A swollen portion of cell- wall 
from the endosperm of the Vegetable Ivory 
Palm (Phytelephas macrocarpa ). At s, a, 
simple pits filled with cytoplasm ; in the 
intervening pit membrane are fine connect- 
ing threads (plasmodesms); pi, other plas- 
modesms traversing the whole thickness of 
the wall, (x 375.) B, The contents of two 
opposed pits and the connecting threads of 
the pit membrane. (xl500.) C, the opening 
of a pit and the connecting threads of the 
pit membrane viewed from the surface. 
The smaller circle indicates the canal of the 
pit, while the larger circle is the pit mem- 
brane; the dark points on the latter are 
the plasmodesms. ( x 1500. After Stras- 
burqer.) 


transverse sections. They form a connected system of narrow, 
branched canals (intercellular system) which traverse the tissues 
in all directions. From their mode of origin by the splitting of 
cell - walls such intercellular spaces are termed schizogenous. 
Unequal growth of the tissues may lead to the complete isolation of 
cells or the formation of larger chambers or passages of more or less 
regular form. Intercellular spaces can also arise by the dissolution 
or breaking down of cells and are then termed lysigenous and 
rhexigenous respectively. Sometimes spaces, that are in their origin 
schizogenous, are further enlarged rhexigenously or lysigenously. 
Whole regions of the tissue may be stretched and broken down 
by unequal growth. Hollow stems arise rhexigenously. In tissues 
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which have arisen by a weaving together of filaments (Fig. 36) 
the intercellular spaces are present from the outset. 

Intercellular spaces usually contain air and are of great importance 
for the living cells forming the tissues. A single cell in water or air 
can obtain at any time the gases, especially oxygen, which are essential 
to its life from the surrounding medium. The life of the numerous 
protoplasts in the tissues of a plant requires a supply of oxygen. 
This introduction and circulation of gases in the tissues is carried out 
by the system of intercellular spaces. 

II. KINDS OF CELLS, TISSUES, AND TISSUE-SYSTEMS 

Only in the lower multicellular plants does the tissue consist of 
equivalent, spherical, polyhedral, and cylindrical cells (cf. e.g . Fig. 81), 
which are similarly able to perform all the vital functions. This 
tissue may be termed parenchyma. As the division of labour 
between the protoplasts increases, with increase in size and progressive 
external organisation, cells or groups of cells acquire diversity in 
form, structure, and function. There results in the higher plants a 
segregation of the originally uniform cells into variously constructed 
kinds of cells, connected, it is true, by intermediate forms. Com- 
parative study of the various organs of a plant, and of all the higher 
plants, shows that the number of these kinds of cell is limited, and 
that DEFINITE FORMS OF CELLS RECUR IN THEM ALL. 

Similar cells are usually associated in groups which constitute a 
KIND of TISSUE. These are distinguished by the form, contents, and 
the walls of their constituent cellular elements, and each kind of 
tissue has its special function or functions. More highly organised 
plants are composed of a number of kinds of tissue, but, as in the 
case of kinds of cells, this number is small, since they recur in the 
most diverse plants. It is not uncommon for single cells (idioblasts) 
or cell groups of a different structure and content to be found in an 
otherwise uniform type of tissue. 

In the higher plants particular kinds of tissue may occur in 
considerable amount and extend in unbroken connection for a distance 
or through the whole plant body. These may often include several 
associated kinds of tissue and constitute MORPHOLOGICAL TISSUE 
systems. Such compound associations of tissues may be characterised 
structurally and have different main functions. 

In a physiological tissue-system are grouped together all cells that agree in 
their main functions, irrespectively of their morphological connection or of their 
ontogenetic origin. Such physiological systems are thus something quite different 
from morphological tissue-systems. 

The tissue-systems of the more highly organised plants can be 
divided into two main groups: (1) the meristematic or formative 
tissues ; (2) the mature or permanent tissues. 
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A. The Formative Tissues 

These are also termed meristems and consist either of relatively 
small cubical or isodiametric cells, or of prismatic, flattened, or elongated 
cells with thin walls, abundant protoplasm, large nuclei, and few and 
small vacuoles (cf. Fig. 2). The numerous cell-divisions that occur in 
their cells is characteristic. These formative tissues, from which the 
permanent tissues are developed, are distinguished according to the 
place and mode of their origin into primary and secondary 
MERISTEMS. 

1. Primary Meristems ( 35 ). — These arise by the division of the 
germ-cell and at first compose the whole embryo. Later they become 
localised at the growing points of the branches and roots (Figs. 98, 
150), where the increase in number of meristematic cells takes place 
(apical growth). 

A short distance behind the growing point the similar cells of the 
primary meristem begin to grow differently and give rise to strands 
and layers of variously shaped formative cells, which at first retain 
the general characters of meristematic cells (Figs. 96, 98, 150). 
Intercellular spaces, absent in the meristem itself, now arise. At a 
somewhat greater distance from the growing point the characters of 
the various permanent tissues make their appearance and become 
more marked basipetally until the mature structure is attained. In 
developing from the meristem the cells of the permanent tissue 
enlarge, separate at places from one another, undergo thickening and 
chemical alterations of their walls, modify or lose their cell contents, 
and sometimes fuse by dissolution of the partition walls. In enlarging 
or elongating the cells may behave independently (Fig. 167), so that 
the ends of some which elongate greatly push past, or in between, other 
cells (sliding growth) ( 86 ). 

In this process of tissue-differentiation groups, strands, or layers of 
cells may retain the meristematic characters and serve as places of origin 
later for a renewed formation of meristematic and mature tissues. 
Their power of division may persist throughout the life of the plant. 

In many Monocotyledons the basal regions of the internodes remain 
for a long time meristematic, and serve, in addition to the growing 
point, as places of production of permanent tissue. In this way the 
intercalary growth of these and other plants is brought about. 

2. Secondary Meristems are derived either from the above- 
mentioned inactive remains of the primary meristem or are newly 
formed from cells of the permanent tissue, which alter their function 
and by new cell-divisions are transformed into meristematic cells. 
Their elements resemble those of the primary meristems, but as a rule 
have the form of elongated or flattened prisms (Fig. 162). Such 
secondary meristems, which get the name cambium, give origin to 
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cork and to the secondary growth in thickness of woody plants. 
They form a thin layer of prismatic meristematic cells (Figs. 160, 166) 
parallel to the surface of the organ at the outside of the cylinder of 
wood. In the cambium a middle layer of initial cells undergoes 
continued tangential divisions which cut off daughter-cells to both 
the inside and outside in the radial direction. These cells after 
some further divisions are transformed into cells of the permanent 
tissues. 

The new cell-walls arising in the cell-divisions of a meristem are flat and as a 
rule, though not without exception, placed at right angles to the pre-existing 
older walls. Walls more or less parallel to the surface of the organ are termed 
periclinal, and those at right angles to this anticlinal. 


B. The Permanent Tissues 

The cells of the permanent tissues differ from the meristematic 
cells in being as a rule larger, with relatively little protoplasm and 
large vacuoles, and sometimes completely dead. Cell-divisions are 
not usually takihg place in them, and the cell-walls are variously 
thickened and often chemically altered. The permanent tissue is 
composed of a variety of kinds of cells and tissues with diverse 
functions. It is usually provided with intercellular spaces. 

The permanent tissues may be classified in various ways. Thus 
according to their origin primary and secondary permanent tissues 
may be distinguished arising from the corresponding meristems. 

A morphologically useful division of the permanent tissues is 
obtained when all the differences of the component cells are taken 
into consideration together. 

On examining the tissues of the higher plants comparatively there 
is found in the first place a tissue which, like that composing the 
lowest multicellular plants (cf. p. 43), consists of cells with living contents 
and thin cellulose walls, and is capable of performing a diversity of 
functions ; this will be termed parenchyma. Other tissues may 
be sharply distinguished from this parenchyma by peculiarities of 
structure and special functions. The most striking tissues in the light 
of their main functions are the boundary tissue, the mechanical 
TISSUE, and the CONDUCTING TISSUE. The PARENCHYMATOUS SYSTEM, 
the EPIDERMAL SYSTEM, the MECHANICAL SYSTEM, and the CONDUCTING 
system correspond on the whole to these tissues. In addition the 
SECRETORY tissue and GLANDULAR TISSUE may be recognised. 

The permanent tissues are frequently divided into epidermis, vascular bundles, 
and ground tissue. 

It was formerly usual to take the dimensions of the cells into special considera- 
tion, and on this ground parenchyma and prosenohyma were distinguished. By 
parenchyma was understood a tissue the cells of which were isodiametric or, if 
elongated in one direction, were separated by transverse walls. Prosenchyma was a 
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tissue the elongated cells of which were spindle-shaped and pointed at both ends. 
These two groups do not, however, suffice to give a survey of the variety of kinds 
of tissues, and the underlying conceptions are out of date. 

1. Parenchyma. Parenchymatous System. — The parenchyma 
cell is characteristic of this type of tissue. It may be isodiametric 
or elongated and of various shapes, and possesses the following further 
characters (cf. Figs. 3 B, 38, 39). The cell-wall, which as a rule 
consists of cellulose, is only moderately thickened and provided 
with simple round or elliptical pits ; it thus facilitates the diffusion of 
substances from cell to cell. Living protoplasm is usually present, 
and the large vacuole may contain a considerable amount of nutritive 
material. The chromatophores, which have the form of chloroplasts 
or leucoplasts, often contain starch. Parenchyma is usually traversed 
by a ventilating system of intercellular spaces. Parenchyma may 
form part of other primary or secondary tissues and serves a 
variety of functions. The most important vital processes of the 
full-grown plant take place in it, such as the preparation, conduction, 
and storage of nutritive materials, water storage, and the process 
of respiration. The presence of abundant cell-sap contributes to the 
maintenance of the general rigidity of the plant body. The structural 
differences between parenchyma cells are relatively slight when the 
multiplicity of functions they perform are considered. When the 
cells have numerous chloroplasts they are spoken of as ASSIMILATORY 
parenchyma (Fig. 8) in reference to their main function of forming 
organic substance from carbon - dioxide. The parenchyma of the 
subaerial parts of plants is often of this nature so far in as light can 
penetrate, while the deeper tissues are colourless. The term storage 
tissue is applied when these cells are rich in organic contents such 
as sugar, starch, fatty oils or proteids, or have hemicelluloses 
accumulated in the thickened walls ; these substances are stored 
against future use in the metabolism (Figs. 22, 23, 600). WATER- 
STORAGE parenchyma as a rule consists of large thin-walled cells with 
little protoplasm but abundant cell-sap that is somewhat mucilaginous; 
these cells diminish in size on losing water. Conduction of organic 
food-materials, especially of carbohydrates, takes place in parenchy- 
matous cells, which are elongated in the main direction of transport 
to facilitate this function. Such conducting parenchyma often 
forms a sheath, without intercellular spaces, around other masses of 
tissue. Parenchyma which has large intercellular spaces, serving for 
ventilation or the storage of gases, is termed aerenchyma. 

2. Boundary Tissues. — In the case of the multicellular tissues 
composing the bodies of land-plants the whole body or particular 
tissues may require protection against excessive loss of water, 
mechanical injury, excessive heat ( 37 ), and frequently against the loss 
of diffusible substances. This function is carried out by cells which 
have certain peculiarities of structure and are often arranged in 
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sheathing layers. In this way another group of tissues can be 
distinguished, the main elements of which are the epidermal cells 
and the suberised or cork cells. The epidermis together with some 
other types of cell form the epidermal system. 

(a) Epidermal System. 1. Epidermis. — This is derived from the 
superficial layer of the primary meristem (the dermatogen, cf. p. 82) 
and is thus one of the primary permanent tissues. It encloses the 
plant-body as a protective investment while permitting exchange 
of materials with the environment. The epidermis is typically a 
single layer (Fig. 43 B) of tabular or more elongated living cells, 
without intercellular spaces between them. The lateral walls are often 
undulated or toothed, (Fig. 41) which increases the firmness of the union 
of the cells. In transverse section the cells are of uniform depth and 
are rectangular or lens-shaped. The protoplasts of the epidermal cells 
are commonly reduced to thin layers 
lining the walls and enclosing large 
vacuoles filled with colourless or 
coloured cell-sap. The epidermis of 
the parts exposed to light in most 
Ferns and in many shade - loving 
Phanerogams is provided with chloro- 
phyll and takes part in assimilation. 

More usually chlorophyll is absent 
from the epidermis. 

The outer walls of the epidermal 
cells of all subaerial parts of the 
plant, which last for a considerable 
time, are thickened. In this respect 
they contrast with the epidermal cells of the more fugitive petals 
and of submerged and subterranean parts. This holds especially 
for roots in which the epidermis has very different functions, such as 
the absorption of water and salts. The thickening of the outer walls 
results from the apposition of cellulose layers, the outer of which 
usually, but not always, become more or les3 strongly eutinised 
(Fig. 183). 

The outer walls of the epidermal cells, whether thickened or not, 
except in the case of those forming the surface of subterranean organs 
and especially roots, are covered by a thin continuous eutinised film called 
the cuticle. This is formed on the primary walls of the epidermal 
cells. The cuticle is often somewhat folded and in surface view appears 
striated. The cuticle and the eutinised layers of the wall are only with 
difficulty permeable to water and gases, and prevent the injurious loss of 
water by evaporation. The thickening also increases the mechanical 
rigidity of the epidermal cells. On the other hand, the absence of 
cuticle from the root facilitates the absorption of water and salts from 
the soil. 



Fio. 41.— Surface view of the epidermis 
from the upper side of a leaf of Mer- 
cnrialis perennis. (x 300. After H. 
ScHRNCK.) 
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Deposits of WAX are also present in the cutinised layers of the 
epidermis and render it even less permeable by water ( 38 ). Consequently 
water will flow off the epidermis without wetting it. The wax is 
sometimes spread over the surface of the cuticle as a wax covering. 
This is the case in such fruits as plums and grapes, on which it 
forms the so-called bloom. The wax coverings may consist of grains, 
small rods (Fig. 42), or crusts. 

The wax of plants is soluble in ether or in hot alcohol. Like the suberins and 
cutins it consists of fatty acid esters of glycerine mixed with free fatty acids and 
esters of fatty acids of other alcohols. 

The epidermis may not only protect the more internal tissues from loss of water 
by hindering evaporation, but also by serving as a place of storage of water. The 



Fio. 42. — Transverse section of a node of the sugar-cane, Snccharum offlcimirum , showing 
wax incrustation in the form of small rods, (x 540. After Strahburoer.) 

unthickened lateral walls of these cells become folded as the water is withdrawn 
from the cavity and stretch when the cell becomes again filled. Such an epidermis 
is frequently also composed of several layers of cells. 

The mechanical strength of the outer walls of epidermal cells is increased in 
some plants by the deposition of calcium carbonate or of silicic acid. In the case 
of JSquisetum the silicification is so great that the tissues are used in polishing 
tin-ware. 

The epidermis of fruits, and particularly of seeds, exhibits a considerable variety 
of modifications in its mode of thickening and in the relations the thickening 
layers bear to one another. In addition to protecting and enclosing the internal 
parts, the epidermis has often to provide for the dissemination and permanent 
lodgment of the fruits and seeds. ( 39 ) 

2. Stomatal Apparatus ( 40 ). — The presence of stomata in the 
epidermis is characteristic of most parts of the more highly organised 
plants that are exposed to the air. Each stoma is an intercellular 
passage or pore bounded by a pair of curved, elliptical or half-moon- 
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shaped cells called guard cells. The pore and guard cells together 
constitute the stoma or stomatal apparatus (Figs. 43 A , 44). The 
largest stomata are found in grasses ; thus in the wheat they measure 



Fro. 43. — Epidermis from the under side of a leaf of Tradescantia virginica. A , In surface view. 
B, in transverse section ; l, colourless rudiments of chroma tophores surrounding the nucleus, 
(x 240. After Sthasburoer.) 


0*079 mm. in length by 0*039 mm. in breadth, while the pore itself 
is 0*038 mm. by 0*007 mm. Stomata never occur in the epidermis of 
the root. 

The PORE interrupts the continuity of the epidermis. It is an 
air-filled intercellular space opening below the epidermis into a large 
intercellular space (Fig. 43 B\ which is spoken of as the respiratory 
cavity although it has 
nothing to do with respira- 
tion. This cavity is in 
communication with the 

intercellular spaces of the ./* ■ f 

parenchyma. The stomata AAA/ — 

are of great importance to && L 

the plant, for they place . 7 " 

the system of intercellular \ i A) — 

spaces, which serves to 

ventilate the tissues, in 

communication with the / ^ \ 

external atmosphere. This 

connection is necessary on ,?T h stonmta f ™' n ,“' e '°T r T toc ° 

account of the difficulty burger.) 

with which gases pass 

across the epidermis in order to renew the air in the intercellular 
spaces, and especially to replace the carbon-dioxide as this is used up. 
On the other hand, oxygen, which forms a considerable proportion of 
the air, can usually penetrate into the plant in sufficient quantity 
through the cuticle and the epidermal cells. 
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The GUARD cells always contain chlorophyll and are character- 
ised both by their shape and the manner in which their walls are 
thickened. This is best shown in transverse sections (Figs. 43 J5, 
45 B). There are usually an upper and a lower thickened band 
on the side of the guard cell which faces the pore, the portion 
of the wall between and the rest of the wall of the guard cell being 
relatively thin (Fig. 43 B). This structure stands in relation to the 
changes in form of the guard cells by means of which the size of the 
pore is varied. The pore is closed by a diminution of the curvature 
of the guard cells when there is danger of too great escape of 
moisture ; while it is widely opened by increase in the volume of 
the guard cells, and consequently of their curvature, at other 
times. The stomata regulate the gaseous exchange and the trans- 
piration. 

As the transverse section in Fig. 43 B shows, the thickening ridges project both 
above and below the pore. There is thus an anterior chamber and a posterior 
chamber in relation to the narrow region of the actual passage. The thickened 
outer walls of the epidermal cells immediately adjoining the guard cells often 
have a thinner portion, which acts as a kind of hinge and enables the changes 
in shape of the guard cells to be effected without hindrance from the surrounding 
cells (cf. Fig. 45 B). The guard cells, as is seen in Fig. 43 A, are often surrounded 
by special cells called subsidiary cells ; these may be less thickened or shallower 
than the other epidermal cells. 

Differences are found in the construction of the guard cells and in the 
mechanism of opening and closure of the stoma which depends upon this. Two main 
types of stoma may be distinguished, but they are connected by intermediate 
forms. In the first the change in form of the guard cells takes place mainly in 
the tangential direction, parallel to the epidermal surface ; in the second in the 
radial direction at right angles to the surface. Type I. — According to the form of 
the guard cells the pore is opened in various ways. (a) The type of the 
Amaryllidaceae (Fig. 45) is found in the majority of Monocotyledons and 
Dicotyledons. The dorsal wall of each guard cell (Fig. 45 B) is unthickened, while 
the ventral wall (towards the pore) is thickened and usually shows the upper and 
lower thickening bands. When the cell becomes turgid the thin dorsal wall is 
more stretched than the thickened wall, and the cell, which in the flaccid 
condition was almost straight, becomes curved in the tangential plane to a 
semilunar shape. ( b ) The type of the Gramineae (Fig. 46) is met with in the 
Gramineae and Cyperaceae. The guard cells are dumb-bell-shaped ; the widened 
ends being thin-walled, while the narrower middle region has both the outer and 
inner walls strongly thickened (Fig. 46 B ). When the turgor increases the stiff 
middle portions of the guard cells are separated from one another by the expansion 
of the oval thin-walled ends of the cells. Type II. — Mnium - type (Fig. 47) is 
found in some Mosses and Ferns. In this the ventral walls of the guard cells 
are thin while the dorsal walls are thickened. When the turgor of the guard cell 
increases, the outer and inner walls are separated from one another, thus lessening 
the projection inwards of the ventral wall and opening the pore. The position 
of the dorsal wall remains unchanged. A transition between Types I. and II. is 
afforded by the stoma tal apparatus of Hellebores (cf. Fig. 235) in which the guard 
cells become semilunar on stretching of the thin dorsal wall, while at the same time 
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the thickened outer and inner walls are separated. The somewhat different Conifer- 
type may be mentioned along with this. 

The stomata are often formed by the division of a young epidermal cell into two 
cells of unequal size, one of which, the smaller and more abundantly supplied with 
protoplasm, becomes the stoma-mother-cell ; while the larger, containing less 
protoplasm, usually forms an ordinary epidermal cell. The stoma-mother-cell 
becomes elliptical in outline and 
divides again, by a vertical wall, 
into the two guard cells, between 
which, by a splitting of the 
wall, the intercellular passage 
(pore) is formed. In cases 
where the stomatal apparatus 
has several subsidiary cells either 
a number of divisions occur in 
the young epidermal cell before 
the guard cells arise ; or the 
subsidiary cells are derived from 
epidermal cells adjoining that 
which gives rise to the stoma. 

3. Hairs. — The epider- 
mis of almost all plants bears 
hairs (trichomes). They are 
sometimes unicellular struc- 
tures and form papillate 
(Fig. 48), tubular (Fig. 151), 
or pointed (Figs. 49, 50, 53 
to the left) protrusions of 
the epidermal cells. In 
other cases they are multi- 
cellular and form cell-rows, 
stalked or unstalked cell- 
surfaces (scale-hairs, Fig. 52) 
which may resemble small 
leaves as in the ramenta of 
Ferns, or cell-masses. The 
multicellular trichomes are 
also developed from young 
epidermal cells, and, indeed, 
usually proceed from a 
single initial cell of the hair by its growth and subdivision. 
Unicellular and multicellular hairs may further be unbranched 
or branched (Fig. 51, stellate hairs). Their walls may be thin 
and delicate or strongly thickened and frequently calcified or 
impregnated with silica, and sharply pointed at the tip (bristles, Fig. 
49, right). The protoplasts may remain alive and resemble those of 
the epidermal cells, or may die. In the latter case the cavity often 
becomes filled with air and the hair appears white, or it may be 



Fig. 47. 

Figs. 45-47.— Types of Stomatal Apparatus. The thick 
lines indicate the form of the guard cells in the open 
condition, the thin lines when the stoma is closed. 

Fig. 45. — Type of the Amaryllidaceae. A, Surface view. 
B t In transverse section. 

Fig. 46.— Type of the Gramineae with the two subsidiary 
cells. A, Surface view. B, Transverse section. 

Fig. 47. — Jllimm-type in transverse section. (After 
IIabfrlandt.) Further description in the text. 
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laterally compressed as in the case of the long hairs of the cotton-seed 
(Fig. 50) from which the cotton of commerce is obtained. The basal 
portion of the hair in the epidermis may be distinguished from the 
freely projecting body of the hair. The epidermal cells around the 
base are often arranged in a ring or radiate on all sides, and may be 
called the subsidiary cells of the hair. The stinging hairs (Fig. 49), 
such as those of Nettles ( Urtica ) and of 
the Loasaceae, are special forms of bristles. 

They arise from single epidermal cells which 
swell in the course of their development, and 
becoming surrounded by adjoining epidermal cells 
present the appearance of being set in sockets ; 
at the same time, by the multiplication of 
the cells in the tissue at their base, the whole 
hair becomes elevated on a column - like pro- 
tuberance. The hair tapers towards the apex and 
terminates, somewhat obliquely, in a small head, 
just below which the wall of the hair remains 
unthickened. As the wall of the hair is silicified 
at the end and calcified for the rest of its length, 
the whole hair is extremely stiff. The heads 
break off at the slightest touch, and the hairs 
piercing the skin pour out their poisonous 
contents, which, especially in the case of some 
tropical nettles, may cause severe inflammation ( 41 ). 

Hairs have thus various forms and 
perform very different functions. They 




Fia. 48.— Surface of the upper epidermis of a petal 
of Viola tricolor, showing ridge-like infoldings 
of the lateral walls, and protruding papillae, 
(y 260. After H. Schekck.) 


Fio. 40. — Stinging hair of Urtica 
dioica, with a portion of the epi- 
dermis, and, to the right, a small 
bristle, (x 60. After Strasburgek.) 


frequently contribute to the protection afforded by the epidermis, 
forming a covering to full - grown parts of the plant and very 
frequently to the young parts in the bud or expanding from this. 
Such coverings, which may be composed of dead woolly hairs, serve 
to diminish the transpiration and are a protection against direct 
sunlight. Special hairs serve for the absorption of water and other 
substances (cf. Fig. 151). Very diverse substances are excreted by 
glandular hairs (Figs. 72-74). 
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Certain hairs with abundant protoplasm and peculiar structure serve to receive 
mechanical stimuli according to G. Haberlandt f 42 ). They occur on stamens, 
petals, and the joints of leaves, and are known as tactile papillae, hairs, or bristles. 


4. Emergences, unlike hairs, are not formed solely by epidermal 
cells, but a number of cells, lying more or less deeply in the sub- 
epidermal tissues, also take part in their formation. They are some- 
times glandular, and in other cases serve as organs of attachment. 

Thus, for example, only a few rows of sub -epidermal cells enter into the 
formation of the emergences (Fig. 53) on the margins of the stipules of the Pansy 
( Viola tricolor ), which are glandular. Deeper-lying tissue takes part in the 





Fig. 50.— Seed-hairs of the Cotton, Gossypium her- 
baceum. A , Part of seed -coat with hairs (x 3). 
J5 lt Insertion and lower part, Po, middle part, and 
J?3, upper part, of a hair, (x 300. After Stras- 

BURGER.) 


construction of the anchor-shaped 
attaching organs, over 1 mm. long, 
which clothe the fruit of the Hounds- 
tongue ( Cynoglossum ) and lead to its 
dispersal by means of animals. The 
prickles of the Rose or Bramble are 
still larger emergences that are of 
assistance in climbing. The tentacles 
of Drosera (Fig. 208) are also emer- 
gences. 

(b) Boundary Tissue 
formed of Corky Cells. — When 
the epidermis does not remain 
alive and functional during 
the life of the organ which 



Fig. 51.— Stellate hair in surface view from the 
lower epidermis of the leaf of Matthicla 
annua, (x DO. After Strasburger.) 


it covers, the tissues of the body become limited and protected even 
more efficiently by suberised cells. Such cells also in the form of 
layers or sheaths serve to bound and delimit certain living masses of 
tissue from others within the plant body. Their origin may be primary 
or secondary. The suberisation is brought about by suberised lamellae 
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being deposited on the pre-existing wall forming secondary thickening 
layers, while succeeding layers of the wall remain unsuberised and fre- 



quently become lignified. Three 
kinds of suberised boundary 
tissues can be recognised: (1) 
the cutis tissue ; (2) the endo- 
dermis ; (3) the cork. 



Fig. 52.— Scale-hair from the lower side of the leaf of Shejiherdia canadensis . A, Surface view. 
B, Longitudinal section, (x 2-10. After Sthasbuhger.) 


(1) The Cutis Tissue is a primary permanent tissue and arises by the early 
suberisation of cells of the epidermis or of thinner or thicker layers of parenchyma 



Fig. 53.— Glandular emergence from a stipule of 
Viola tricolor , showing also to the left a uni- 
cellular hair. (x 240. After Strasburger.) 


from which intercellular spaces are 
frequently absent. A tissue of the 
latter kind not uncommonly sheathes 
the outside of older parts of the plant 
(e g. roots, Fig. 153 r.r) the epidermis of 
which has perished earlier. The cells 
of this cutis tissue usually retain their 
living contents. 

(2) Endodermis. — This tissue is 
formed of the endodermal cells ( 43 ). It 
very frequently encloses and bounds, as 
a sheath a single layer of cells in 
thickness, living tissues within the 
plant. Its origin is usually primary. 
The elongated prismatic living cells of 
the endodermis have no intercellular 
spaces between them. When young the 
walls are not suberised, but a narrow 
strip of the membrane, in the form of a 
band running completely round the 
cell, has undergone a peculiar change 
by the introduction of an imperfectly 
known (? corky or woody) substance 
(Caspary’s band, Fig. 54 A). This band 


gives the appearance of a dark dot or a dark lens-shaped body (Fig. 54 B , Fig. 154 S) 


in transverse sections, while it appears as an undulated band in radial longitudinal 


section. In older endodermal cells, as in the cells of the cutis, a secondary layer of 
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corky substance is deposited all over the wall, and thick tertiary layers of carbo- 
hydrate material that often become strongly lignified may follow on this. 

(3) Cork. — While the endodermis and the cutis tissue are always 
primary permanent tissues the cork is always a secondary tissue, and 
is developed from a secondary meristem known as the cork cambium. 
The cork forms either a thin peripheral layer a number of cells thick 
which is smooth and of a grey colour, or thicker, fissured coverings of 
cork composed of radial rows of cells (Figs. 55, 56). It forms where 
the epidermis has been thrown off, or where living parenchyma has been 
exposed by wounds. The cork-cells usually contain air and are brown, 
owing to the dead cell contents. They have a flattened prismatic form 
and are extended tangentially (Fig. 56 A\ fitting together without 
intercellular spaces. The secondary layers of the wall are suberised, 
while the middle 
lamella is often lig- 
nified. Tertiary j 
thickening layers 
are either wanting 
or consist of cellu- 
lose, forming the 
so - called cellulose 
layer, which may 
sometimes become 
lignified. Even a 
thin layer of cork 
a few cells deep (Fig. 56) greatly diminishes the transpiration from 
the surface of any part of the plant, and, as will readily be 
understood, much more than the epidermis does. Thicker zones 
of £cork also prevent the entry of parasites. Since cork is a poor 
conductor of heat it also protects the plant against overheating. 

Many old stems, tubers, bud scales, and fruits are covered with a layer of cork ; 
thus the skin of a potato is of this nature. Bottle-cork is obtained from the Cork 
Oak. The cork here consists of broad layers of thin-walled, wide cork-cells (Fig. 55) 
alternating with which are thinner layers of more flattened cork-cells which mark 
the annual limits of growth ; this can be recognised in an ordinary cork. The first 
layer of cork of the Cork Oak is artificially stripped down to the cork-cambium after 
fifteen years. A new cambium then forms a few cells deeper, which provides the cork 
of economic value ; this is removed every 6 to 8 years. 

The mature cells of cork are very rarely pitted, and either remain relatively 
thin or are more or less strongly thickened (Figs. 56, 178 p). Strongly thickened 
cork cells form what is known as stone cork. 

Frequently layers of suberised and unsuberised cells alternate in a corky tissue. 
The latter colls, which do not differ greatly from the cork-cells in structure and 
contents and may be thin- or thick -walled, arise in the same way and are called 
PHELLOID TISSUE. 

Lenticels. — The formation of a covering of cork without inter- 
cellular spaces in place of the epidermis would prevent gaseous 



Fio. 54. — A, Diagrammatic representa- 
tion of a single endodermal cell in 
the solid, showing Caspar y's band on 
the radial walls. B, Endodermis in 
tiansverse section ; Caspary's band 
appears as the dark lenticular regions 

nf radial whIIh 
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exchange between the interior of the stem and the atmosphere were 
the stomata not replaced in some way. 
This is effected by the development of 
lenticels, rough porous warts elongated or 
spindle-shaped in outline, which are readily 
seen by the naked eye on the cork of most 
trees. They consist of dead unsuberised 
tissue rich in intercellular spaces (comple- 
mentary tissue) interrupting the layer of 
cork (Fig. 57). The intercellular spaces open 
on the one hand to the atmosphere, and on the 
other are in communication with the ventilat- 
ing system of the underlying living tissues. 

In bottle-cork the lenticels form the pores, filled with a brown powder derived 
from the dead cells. These pores run radially through the cork. 

The lenticels frequently form beneath stomata and at an early stage in the 
development of the cork. The cork cambium which appears beneath the stoma has 
radially-running intercellular spaces between its cells (Fig. 57 pi), and forms to the 
outside complementary cells separated by intercellular spaces (Fig. 57 l). The 
lenticel soon breaks through the epidermis. Alternating with the complementary 

tissue the cork cambium in the lenticels 
forms layers of more closely-connected 
suberised and lignified cells (intermediate 
bands or closing layers). These are devel- 
oped to close the lenticel during the winter 
and are again ruptured in the spring. 


B 


Fio. 66. — A, Tangential section; B, Transverse section of the cork layer of a Lime twig. 

The cell-walls in B are left white, while the dead contents are dotted, (x 120.) 

The bark, composed of a more complicated set of tissues than the 
cork, forms a covering on old stems and roots (cf. p. 154). 

3. The Mechanical Tissue System ( 44 ). — Without a certain amount 
of rigidity the definite form which is essential to the performance of 
their functions in most plants would be inconceivable. In isolated 
cells and in growing tissues this rigidity is attained by turgor (cf. p. 21 9) 
and tissue- tensions (cf. p. 277). Since, however, turgor and tissue- 
tensions are destroyed by any great loss of water, leading to the 
wilting of the plant, they do not alone confer the necessary rigidity upon 
plants and in particular, land-plants. How great are the demands made 
upon the stability of plants will be at once apparent from a consider- 







Fio. 55. — Transverse section of 
bottle-cork, (x 120.) 
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ation of a Rye haulm which has a height of 1500 mm., and is at its 
base scarcely 3 mm. in diameter. In addition, moreover, to the great 
disproportion between the height and diameter of plants, they often 
support a heavy weight at the summit ; the Rye straw must sustain 
the burden of its ear of grain, the slender Palm the heavy and wind- 
swayed leaves (which in species of Raphia have a length of 15 m. and 
a corresponding breadth), while at times the weight of the bunches of 
fruit has also to be considered. In plants, however, the rigid 
immobility of a building is not required, and they possess instead a 
wonderful degree of elasticity. The Rye straw bends before the 
wind, but only to return to its original position when the force of the 



Fig. f>7. — Transverse section of a lenticel of Sambucm, nigra, e, Epidermis ; ph, phellogen ; 
l, complementary cells ; pi, phellogen of the lenticel ; pd, phelloderm. (x 90. After Strasburc.er.) 


wind has been expended. The mechanical equipment of plants is 
peculiar to themselves, but perfectly adapted to their needs. The 
firm but at the same time elastic material which plants produce is put 
to the most varied uses by mankind ; the wood forms an easily 
worked yet sufficiently durable building material, and the bast fibres 
are used in the manufacture of thread and cordage and textile fabrics 
(e.g. linen). 

This type of stability depends on special tissues, known as the 
stereome, composed of cells with strongly thickened walls. These 
tissues are the sclerenchyma and collenchyma. 

(a) Sclerenchyma. — This is the typical mechanical tissue of fully- 
grown parts of the plant and is formed of sclerenchyma cells 
(stone cells) or sclerenchyma fibres (bast fibres). Both when 
mature are as a rule dead cells with strongly thickened walls consisting 
of lamellae of carbohydrate material, which is often lignified. The 
sclerenchymatous cells or stone cells (Fig. 29) are more or less 
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isodiametric and polyhedral and have round, branched, or unbranched 
pits. The sclerenchymatous fibres (Fig. 58), on the other hand, are 
narrow, elongated, spindle-shaped cells with pointed ends, polygonal 
in transverse section * (Fig. 59). They have obliquely-placed, narrow, 
elliptical pits. Their cell-walls may be almost completely unlignified 
( e.g . flax) or more or less lignified ( e.g . hemp). In their development 
sliding growth frequently occurs and they only 
mature in fully - grown parts of the plant. 
Sclerenchymatous fibres have always a length 
which for a plant cell is considerable, on the average 
1-2 mm. In some plants they are much longer, e.g. 
20-40 mm. in Flax, to 77 mm. in the Stinging 
Nettle, and in Boehmeria even 220 mm. Such long 
' ' fibres are of economic importance in the manufacture 

' ' of textile fabrics. 

Sclerenchymatous cells and fibres may occur 
singly as in some leaves, when they may also be 
branched. Usually, especially in the case of the 
fibres, they are closely associated in strands, bands, 
rings, or sheaths, variously arranged so as to ensure 
the requisite rigidity of the organ against bending, 
tension, or pressure while employing the least 
mechanical tissue. Bigidity against compression 
as it is met with in the shells of nuts and the stones 
of some fruits is usually dependent on a tissue 
composed of stone-cells. The rigidity of stems and 
roots against bending and pulling is due to 
sclerenchyma fibres. Both types of mechanical 
tissue render the organs in which they occur 
resistant to cutting or other mechanical injury. 

The firmness of the individual cells depends 
Fio. 58 .— a scieren- on the thickening of their cell- walls. The resistance 
chymatous fibre, (x tearing offered by the strands of sclerenchymatous 
strasburger.) tissue is due on the other hand to the interlocking 
of the elongated fibres. 

According to Schwendener’s investigations, the ^sustaining strength of 
sclerenchymatous fibres is, within the limits of their elasticity, in general 
equal to the best wrought iron or hammered steel, while at the same time 
their extensibility is ten or fifteen times as great as that of wrought-iron. It is true 
that soon after exceeding its limit of elasticity the stereome of the plant becomes 
ruptured, while the limit of rigidity for iron is not reached until the load is 
increased threefold. 

(b) Collenchyma. — The elements of the sclerenchyma are no longer in a 
condition which allows of growth, and it cannot be employed in parts of the plant 
which are still actively elongating. Where such parts of the plant require special 
strengthening in addition to that given by the tensions of cells and tissues, this is 
obtained by means of collenchyma, which is a living tissue, capable of growth 
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The collenchymatous cells may be isodiametric blit are usually elongated ; they 
have transverse end walls (Fig. 61) or are pointed. They resemble the cells of the 
parenchyma, and, like them, often contain chloroplasts, but differ in the unequal 
thickening of their cellulose walls. This is localised at the angles (angle 
eollenchyma, Fig. 60) or on the tangential walls (surface collenchyma). Intercellular 
spaces are absent or are very small. Collenchyma possesses a considerable rigidity 
against tearing owing to the thickening of the walls 
of its component elements. The extensive unthickened 
regions of the cell- walls enable materials to be rapidly 
transported within this tissue. The distribution of 
collenchyma in the plant corresponds to its particular 
mechanical properties. 

4. The Conducting Tissues. — As the body 
of a plant becomes larger and composed of more 
numerous cells, and especially as more parts 
of it project from the soil or water into the 
air, the need of rapid conduction of substances 
from one organ to another ( e.g . from leaves 



Fig. 59.— Transverse section 
of the vSclerenehyma in 
the leaf of Phormium 
tenax. (x 240.) 



Fio. 00. — Transverse section of the 
collenchyma of Cucurhita Pepo. 
(X 240.) 


Fio. 61. — A collenchyma- 
tous cell seen fiom the 
side, (x 240.) 


to roots and conversely) increases. The movement of diffusion through 
the cross walls even of elongated parenchymatous cells does not suffice, 
though facilitated by the presence of pits in the wall. Special 
conducting tissues have therefore arisen, the characteristically 
constructed elements of which are usually elongated in the main 
direction of conduction, frequently present enlarged surfaces for 
diffusion, and are further as a rule united to form continuous 
conducting channels. Such tissues are always associated in a 
connected system traversing the whole plant. The absence of 
intercellular spaces is further characteristic of them. 

(a) Sieve-Tubes. — The living elements composing the sieve- 
tubes ( 46 ) are arranged in longitudinal rows and connected by open 
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pores which appear to serve for the transport of organic substances. 
The transverse or oblique ends, and sometimes the lateral walls, have 
sieve-like perforated regions the pores of which are filled with 
protoplasmic strands. These are called the sieve-plates (Fig. 62 
A, B). 

In many plants ( e.g . the Cucumber, Fig. 62 A) the entire transverse wall forms 
one sieve-plate perforated by relatively coarse pores. On the longitudinal walls 
the sieve-plates have the form of narrowly circumscribed, circular areas with much 
finer pores (Fig. 62 C , c*) where two sieve-tubes adjoin laterally. In other cases 



Fla. 62. — Parts of sieve-tubes of Cucurbita Pepo, hardened in alcohol. A, Surface view of a sieve- 
plate. B, C , Longitudinal sections, showing segments of sieve-tubes, s, Companion cells ; 
u, mucilaginous contents ;pr, peripheral cytoplasm ; c, callus plate; c*, small, lateral sieve- 
plate with callus. (x 540. After Strasbuhoeh.) 

several finely- perforated areas (sieve-plates) are found on the oblique end-wall of a 
sieve-tube (Fig. 63). 

The elements of a sieve-tube, each of which corresponds to a cell, 
contain a thin living protoplasmic layer lining the wall, with a single 
nucleus, leucoplasts, and often starch-grains. This encloses a watery, 
alkaline, more or less concentrated and coagulable cell-sap which is 
rich in albuminous substances and frequently in carbohydrates and 
inorganic salts (phosphates) (Fig. 62 Bu). The walls of sieve-tubes 
are almost always unlignified ; they consist of cellulose and are 
elastically stretched by their contents. As a rule sieve-tubes remain 
functional during one vegetative period only. Before passing into the 
inactive condition their sieve-plates become covered by highly refractive 
plates of callus (Fig. 62 C ), which diminishes or prevents the 
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exchange of materials between the members of the sieve-tube. If the 
sieve-tube resumes its function in the succeeding vegetative period 
this callus is again dissolved. 

The callus plates consist of callose, a substance the chemical composition of 
which is still unknown ; this is characterised by its insolubility in ammonia- 
oxide of copper and its solubility in cold 1 % solution of potash. It is coloured 
reddish-brown by chlor-zino-iodide, a shining blue with aniline blue* and shining 
red with corallin (rosolic acid). The portions of the wall bounding the pores of a 
sieve-plate are coated with a thin layer of callose while the pores are still open. 
It is by the gradual thickening of 
this layer that the pores become 
narrowed and ultimately occluded. 

(b) Vessels. — Special, and 
are 
or 
are 

elongated and arranged in longi- 
tudinal rows, serve for the con- 
duction and sometimes also for 
the storage of water in the plant. 

The lignified walls of these 
and charac- 
teristic thickening. So long as 
they are functional the vessels 
contain water. They are dis- 
tinguished as tracheides and Fl0 , 3 _ A< Junction of two etemel , ts of a 8ieve . 

TRACHEAE. The tracheides are tube of Vitisvinifera, the oblique wall being shown 
single cells with pointed ends, in section, (x GOO. After De Bar y.) B, a similar 

j , - wall in surface view showing the sieve-pits. (Dia- 

and are as a rule of narrow grammatised by Rothert after De Bary.) 
diameter. Their walls bear 

peculiar pits (Fig. 67 B). These elements frequently also serve as 
mechanical tissue, as in the stems of Coniferae. The tracheae, on the 
other hand, are wider or narrower tubes formed from a number of 
cells by the disappearance of their end-walls. 

When the end -walls are transversely placed they are completely dissolved, leaving 
only a narrow annular rim which becomes further thickened (Figs. 64 C , a, 
66 I. q, q'). Obliquely placed end-walls, on the other hand, are usually not 
pierced by a single large opening but by a number of elliptical openings placed one 
above the pther (scalariform perforation, Figs. 66 //., 166 tg). Some of the end- 
walls are not perforated but merely pitted, and the vessels are thus of limited length. 

Some tracheae, in particular those of woody climbers or lianes, may be some 
metres in length. In the Oak also tracheae two metres in length are frequent. 
As a rule, however, they do not exceed 1 m. and are usually only about 10 cm. in 
length. The widest as well as the longest vessels are met with in climbing plants ; 
in them they may be 0*7 mm. wide, while those of the Oak are about 0*25 mm. and 
of the Lime 0*06 mm. 


vessels have striking 


ultimately dead, cells, which 
tube - like with a circular 
polygonal cross-section and 
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As a rule, in botanical literature, a distinction is drawn between tracheides and 
tracheae or vessels. De Bary, however, called all these elements tracheae and 
distinguished between tracheides and vessels. The most convenient course, which 
is adopted here, is to distinguish within the collective conception vessels the 
tracheides and tracheae. 


The thickening of the walls of vessels may have the form of 
narrow bars (Fig. 64, 65), on the relatively thin wall. These bars 
may form isolated rings, connected spirals, or a network, and 
accordingly annular, spiral, and reticulate tracheides and 
tracheae are distinguished (Figs. 64, 65). In other cases the 
thickening involves the greater part of the cell-wall but leaves 
numerous pits (pitted vessels, Figs. 66, 67). The pits may 



Fig. 64. — A, Part of an annular tracheide. B, 
Part of a .spiral tracheide. C, Longitudinal 
section through part of a reticulate trachea 
showing the remains of a partition wall, s. 
(x 240 After H. Schenck.) 



Fig. 65. — Portion of a longitudinal section 
through three spiral vessols and a row of 
parenchyma cells of the Gourd ((' ucurbita 
Fepo). (x 560. After W. Rothert.) 


be circular, polygonal, or more or less transversely extended and 
elliptical or slit-like. When transversely-ex tended pits stand above 
one another in regular rows on the lateral walls the vessel is termed 
scalariform (Fig. 66 //., 67 A). Transition forms are met with 
between the various types of vessels. 

Only the annular or spiral vessels can undergo extension or stretching. On 
this account they are the only kinds present in growing parts of plants. 

The pits of pitted vessels are always bordered pits, the canal 
of which widens from the cell-lumen to the pit-membrane (Fig. 68 C). 
They may be present on one or both sides of a cell-wall. The outline 
of the pit in surface view is commonly circular and encloses a smaller 
circle (Fig. 68 A). The smaller circle is the opening into the cell-cavity, 
while the wider outline is that of the pit-cavity at its widest part adjoining 
the pit-membrane. The thickening of the cell- wall thus overhangs the 
pit-membrane and forms the wall of the pit, between the outer and 
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inner circles. The pit-membrane is frequently thickened in the 
centre, forming the torus (Fig. 68 ( 7 ), and this, when the membrane 
is deflected to one or other side, may close the entrance like a valve 
(Fig. 68 By t). The wide membrane of the bordered pits allows readily 
of movements of water from the one cell-cavity to the other, while the 
overhanging wall of the pit ensures that the rigidity of the 

wall is not unduly diminished. 
As Fig. 68 C shows, the pits are 
bordered on both sides of a wall 
separating two water - conduct- 
ing elements. When, however, a 
vessel abuts on a living cell, the 
pit is only bordered on the side 


3 







Fio. 66.— A, Diagrams of tracheae in longi- 
tudinal section. I., Wide trachea with 
small elliptical bordered pits, and with 
simple perforation of the end-wall (q, q ). 
The further portion of the wall is cut away 
in the upper portion of the figure. 11., 
Narrow trachea with scalariform pitting 
of the wall and perforation of the trans- 
verse wall, q. B , The transverse walls 
of the two tracheae in surface view. 
(After Rothert.) 



Fio. 67.— A, Lower third of a 
scalariform tracheide from the 
rhizome of the Bracken Fern 
( Pteruiium aquilinum ); t, the 
lateral walls ; q, the end-wall. 
( x 95. After De Bary.) Z>, A 
tracheide with circular bor- 
dered pits, (x 100. After 
Strasburoer.) 


of the membrane toward the water-conducting element and the pit- 
membrane has no torus. On the other side of the wall a simple pit 
is developed. 
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The pits in the end walls of tracheae and tracheides are also always bordered 
pits. In the case of the tracheae it is their pit-membranes that are absorbed 
(cf. Fig. 66 A I. and IT.). 

The thickening bands in annular and spiral vessels correspond to 
the walls of the bordered pits ( 40 ). These thickening bars are in fact 
always narrowed at their attachment to the wall of the vessel (Fig. 65). 

On this account the spiral thickening bands are readily detached from the walls 
in the preparation of sections, and appear as if lying within the cavity of the vessel. 

The thin portions of the wall between the thickenings correspond to the pit- 
membranes, and, when occurring between two water-conducting elements, may be 
somewhat thickened like a torus. 

The thickening of the walls of water-conducting elements increases 

the mechanical rigidity of 
the latter and prevents 
their being crushed by the 
adjoining living cells. The 
living contents of the 
vessels diminish as the 
wall thickens and ulti- 
mately completely dis- 
appear. This does not 
happen in the tracheae 
until after the transverse 
walls have been broken 
through. 

System of Tissue of 
the Vascular Bundles. — 

The sieve-tubes are usually 
associated with conduct- 
ing parenchyma to form 
strands or bundles of phloem which traverse the plant. The same 
holds for the tracheides and tracheae, although isolated or grouped 
tracheides may occur as a water-storage tissue in the parenchyma. 

Such strands of phloem or of vascular tissue may be regarded as 
INCOMPLETE VASCULAR bundles. They are common in the secondary 
permanent tissue as vascular strands in the wood and phloem strands 
in the bast (cf. pp. 1 40, 1 49). In the primary tissues, however, the phloem 
and vascular strands are united to form complete vascular bundles 
which run as a rule parallel to the long axis of an organ, and are 
united by cross connections into a network. The name vascular 
BUNDLE SYSTEM is given to this striking feature in the construction 
of a plant. In these bundles the elements which serve for the con- 
duction of water are associated with those which conduct organic 
material, so that these different substances follow nearly the same course, 
though usually in opposite directions. Such complete vascular bundles 



Fig. 68. — Tracheides from the wood of the Pine, Pinus 
sylvestris. A, Bordered pit in surface view. B , Trans- 
verse section of bordered pit from a tangential section 
of the wood ; t, torus. C, Transverse section of a 
tracheide ; ra, middle lamella, with gusset, m* ; i, thick- 
ening layers of the wall. (x 540. After Strasburger.) 
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contrast with the less dense surrounding tissue by the narrowness of 
their elements, and the absence of intercellular spaces ; they are often 
visible to the naked eye as in the translucent stems of Impatiens 
parviflora. 

The complete conducting bundles are also termed vascular bundles, fibro- vascular 
bundles, or mestome. 

5. Secretory Cells and Secretory Tissue. (1) Solitary cells. — 
Secretory cells isolated or arranged in rows are of frequent occurrence 
in the most diverse tissues. They may be 
isodiametric or tubular, and contrast with the 
other cells by reason mainly of their contents. 

Within their diminished or dead protoplasts 
secretions of the most varied kinds are contained. 

These are end-products of the metabolism and 
may have an ecological significance as protective 
substances. Mucilage, gums, ethereal oils, resin, 
gum-resin, tannin, alkaloids, and crystals of oxalic 
acid (Fig. 21) are among the most frequent 
secretions. The walls of these cells are often 
suberised. 

The non-septate laticiferous cells which 
contain the secretion called latex belong here. 

They are richly-branched tubes without cross- 
walls, with a smooth elastic cellulose wall that is 
usually unthickened (Fig. 69). They have a 
layer of living protoplasm with numerous nuclei 
lining the wall and sometimes contain starch- 
grains ( 47 ), which in many Euphorbiaceae are 
dumb-bell-shaped. Their cell-sap is a milky, 
usually white, watery fluid which rapidly 
coagulates on exposure to the air. The latex 
serves to close wounds and as a protection 
against vegetable-feeding animals. The latici- 
ferous cells have on the other hand no con- Fig. 69.— Portion of a latici- 
ducting functions. ferous cell of Ceropegia. 

® (x 150. After Stras- 

The laticiferous tubes in many Euphorbiaceae ( e.g . burger.) 

Euphorbia ), Moraceae, Apocynaceae, and Asclepiadaceae 

proceed from cells which are already recognisable in the embryonic plant, and with 
the growth of the latter continue to grow, branch, and penetrate all the organs so 
that they may become many metres in length. 

Tannins, glucosides, poisonous alkaloids, and especially calcium -malate, occur 
dissolved in the latex ; peptonising enzymes in Ficus Carica and Carica Papaya ; 
further, as droplets in an emulsion, gum-resins (mixtures of gum and resin), 
caoutchouc (C 26 H 40 ), gutta-percha, fats, and wax occur, and as a solid constituent 
proteid granules. 

(2) Cell- fusions. — A number of secretory cells may unite to form 

F 
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a more spacious reservoir for the secretion, by the dissolution of the 
walls between them. This is most strikingly seen in the laticiferous 
vessels. They resemble the laticiferous cells in appearance and in their 
contents, but differ in their origin by the fusion of a number of cells 
forming a network (Fig. 70). Remains of the transverse walls may be 
recognised in this. 


The laticiferous vessels, like the laticiferous cells, are limited to certain families 
of plants, for instance the Papaveraceae ( Papaver , Chelidonium , with reddish- 
orange latex), the Campanulaceae, in the Compositae the Cichorieae ( Cichorium , 

Taraxacum Lactuca i Scorzonera , Hieracium^ 
Tragopogon ), and some Euphorbiaceae ( e.g . the 
important Rubber tree, Hevea ). 

The mucilage tubes which occur in many 
Monocotyledons are in many respects similar 
to the laticiferous vessels. Their mucilaginous 
sap consists of albumen, starch, glucose, tannins, 
and inorganic substances. 

(3) Lysigenous intercellular 
SPACES. — Secretory reservoirs frequently 
arise as spherical, irregular, or tubular 
cavities by dissolution of entire secretory 
cells, i.e. lysigenously (Fig. 71). These 
lysigenous secretory reservoirs arise from 
groups of cells in which the secretion has 
been formed and the walls gradually dis- 
solved. The secretory cavities filled with 
ethereal oils in the orange and lemon, 
other Rutaceae, and many Myrtaceae have 
this origin. 

6. Glandular Cells and Glandular 

Tissue. — Glandular cells, which excrete 
substances from their protoplasts to the 
outside or into the intercellular spaces, 
occur singly or in groups in the epidermis, 
in the parenchyma, and in other 

tissues. The glandular cells resemble 
parenchymatous cells, but have as a rule abundant protoplasm and 
large nuclei as in meristematic cells. The excreted substances 

frequently have an ecological significance. Closely connected 

glandular cells forming a layer constitute a glandular epithe- 
lium. 

Glandular epithelia or isolated glandular cells are of frequent occur- 
rence in the epidermis and are often covered by a porous cuticle or a 
cuticle may be wanting. In this situation glandular hairs, the knob- 
shaped terminal cell of which is secretory (capitate hairs, Fig. 72), also 
occur. Other glandular hairs may be scale-shaped (Fig. 73), and glandular 



Fig. 70. — Tangential section through 
the periphery of the root of the 
Dandelion ( Taraxacum ) showing 
reticulately united laticiferous 
vessels. ( x 240.) 
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emergences (Fig. 53) are also found. The secretion is very often 
composed of resinous substances, and accumulates between the outer 
wall of the secretory 
cells and the cuticle, 
which is raised up 
and finally burst. The 
same holds for the 
formation of other ad- 
hesive substances and 
mucilage. 

According to the ex- 
creted products, which 
may have varied ecological 
uses, the epidermal glands 
may be distinguished into 
mucilage, oil, resin, digestive (Fig. 74) glands, also salt glands, water glands 
(hydathodes), and nectaries ( 48 ). The last-named secrete a sugary fluid which 
attracts insects and occur as glandular surfaces or hairs within the flower or in 
other situations (cf. Fig. 136 n). These are termed respectively floral and extra- 
floral nectaries (cf. also p. 109). 

The glandular cells or epithelia, enclosed within parenchymatous or 
other tissues, always abut on circular or irregular intercellular spaces or 
tubular, branched, or unbranched canals, which sometimes run through 


A j 9 



Fio. 71.— Lysigenous oil -reservoirs from the leaf of Didamnu 
fraxindla. A, Young. B, Mature after dissolution of the cell, 
walls. (Rothert altered from Rauter.) 



Fio. 72. — Glandular hair from the 
petiole of Primula sinensis showing 
the secretion above, (x 142. After 
De Bary.) 



Fio. 73. — Glandular scale from the female inflores- 
cence of the Hop, Humulus lupulus, in vertical 
section. A , before, B, after the cuticle has become 
distended by the secretion. In B the secretion 
lias been removed by alcohol, (x 142. After 
De Bary.) 


the whole plant as a connected system of tubes. These intercellular 
spaces, which arise by the splitting apart of cells, form the schizogenous 
secretory reservoirs (Fig. 75). Their contents consist of ethereal 
oils, resin, gum, or mucilage, and corresponding distinctions are made 
in naming these canals. Resin-canals are met with in many Coniferae, 
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oil-ducts in the Umbelliferae, mucilage- and gum-canals in the 
Cycadaceae and Araliaceae (e.g. the Ivy), and spherical or elongated 

schizogenous cavities containing 

ethereal oils in species of Hypericum 
(Fig. 75). 

Schizolysigenous reservoirs also 
occur. 



Fio. 74.— Sessile digestive gland from the upper side 
of the leaf of Pinguicula vulgaris. A, In longi- 
tudinal section. B, Seen from above. (Rothert 
altered from Fenner.) 


Fig. 75. — Schizogenous oil-reservoir in a 
cross-section of the leaf of Hypericum 
perforatum. S, the glandular epithelium. 
(After Haberlandt.) 


SECTION III 
ORGANOGRAPHY ( 49 ) 

The organisms included in the vegetable kingdom are variously shaped 
and segmented. Some are unicellular throughout life, while others 
are multicellular. Both may have very simple and regular or irregular 
outlines and have no external segmentation, or on the other hand may 
possess a body which is more or less symmetrically segmented and 
exhibits branching of various kinds. 

I. Relations of Symmetry ( 50 ). — The form of the whole segmented 
or unsegmented organism and of its parts is determined by their 
relations of symmetry. Like nearly all properties of organic forms 
this is closely connected with the mode of life of the organism and 
the functions of its organs, especially with the direction of growth of 
the plant and of its members. As a rule, therefore, the symmetry 
of the internal construction of a plant corresponds to that of its 
external form. 

Apart from a few very simple forms, the plant-body and its 
individual parts nearly always exhibit polarity and a distinction of 
base and apex at opposite ends of its longitudinal axis. Such a dis- 
tinction is shown both in free motile forms, in which the direction of 
progression is usually determined by the polar construction of the 
body, and in attached forms, where the organism is attached to the 
substratum by its basal pole. 

Every section through a part of a plant parallel to the longitudinal 
axis is a longitudinal section. When it passes through the axis it is 
termed a radial longitudinal section, and when it is at right angles to a 
radius but not in the plane of the axis itself a tangential longitudinal 
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section. Sections at right angles to the longitudinal axis are transverse 
sections. An organism or a part of a plant which is almost similarly 
constructed around its longitudinal axis is termed radial or ACTINO- 
morphic (Fig. 551 A). Such a structure can be divided by a number 
of radial longitudinal sections into approximately equal halves, which 
are mirror images of one another ; it has thus a number of planes OF 
symmetry. When there are only two planes of symmetry standing 
at right angles to each other the structure is called bilateral or 
bisymmetrical (Fig. 103). Lastly, when there is only a single plane of 
symmetry (the median plane) the structure is dorsiventral or 
zygomorphio ; the two lateral halves correspond, while the anterior 
and dorsal sides are unlike (Fig. 551 B). Plants or parts of plants 
which grow vertically upwards or downwards (orthotropous) are 
usually radial or bilaterally symmetrical. When, on the other hand, 
they grow obliquely or at right angles to the vertical (plagiotropous) 
they are frequently dorsiventral. There are also ASYMMETRICAL 
organic structures, which cannot be divided by any plane into corre- 
sponding halves. Some dorsiventral structures, e.g. leaves, become 
asymmetrical by the one half being differently formed to the other. 
This is, for example, the case with the leaves of Begonia, and in a less 
degree with those of the Elm. 

The relations of symmetry are of great importance in understanding the 
general morphological relations of the plant. In many cases the special relations 
of symmetry of lateral members become intelligible in the light of the symmetry 
of the whole plant. For example, the asymmetrical leaves of Begonia in the light 
of the dorsiventral symmetry of the more or less plagiotropous plant, or the leaves 
of Elm and many other plants in the light of their branches. 

II. Significance of the External Segmentation to the Organism. 

— The construction and segmentation of any particular organism stand 
as a rule in close relation to its needs and mode of life. The external 
as well as the internal segmentation is usually the expression of a 
division of labour between the parts of a cell or of a multicellular 
body. The external members are, in fact, usually organs with definite 
vital functions. The phylogenetic progression from simpler to more 
segmented organic forms consists in great part in the increase of this 
differentiation and division of labour. 

III. Main Groups of Organs. — The activity of every organism takes 
place in two directions. It must nourish itself in order to maintain 
itself as an individual, and it must reproduce in order that the race 
should not perish with its death. The body of the plant subserves these 
two fundamental vital impulses. Only in primitive plants does the whole 
mass serve both equally ; usually certain parts are concerned with the 
nutritive processes and others with reproduction. There is thus 
usually a clear division of labour between the vegetative organs and 
the REPRODUCTIVE ORGANS, which are fundamentally different in form 
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and structure as well as in function. These two groups of organs will 
require separate consideration. 


I. Vegetative Organs 

The highest segmentation attained by the vegetative organs of 
plants is that into root, stem, and leaves. Stem and leaves are 
classed together as the shoot. A plant-body composed of shoot and 
root is termed a cormus, and plants so constructed cormophytes. 
The fern-like plants, or Pteridophyta, and the more highly-segmented 
Seed-plants derived from them are cormophytes. 

The cormophytes arose phylogenetically from more simply 
organised plants in which the plant-body had not attained such a 
profound segmentation ; in which roots were wanting, w T hile leaf-like 
branches though not true leaves were present. Such structures, as 
well as quite simple and unsegmented plant-bodies, are included 
under the term thallus, and such plants may be contrasted with 
the cormophytes as thalloid. The Algae, Fungi, Lichens, and all 
Bryophyta have thalli. 

The thalloid plants must not be confused with the Thallophyta. All thalloid 
plants possess a thallus, but they are not all Thallophyta. Under this name 
systematic botany includes only the Algae, Fungi, and Lichens. 

A. THE THALLUS ( 51 ) 

(a) Algae, Fungi. 1. Simplest Forms. — The only forms that are 
quite unsegmented externally are a number of microscopically small 
unicellular or multicellular plants. The simplest form that can be 
assumed by an organism is that of the sphere. For example, such 
spherical cells are shown by some Algae that form a green coating on 
damp walls (Fig. 34), and by many Bacteria (Fig. 77 b). The latter 
include by far the smallest known organisms. 

2. Relative Increase of Surface. Establishment of a Longi- 
tudinal Axis. — It is a proposition applicable to all bodies that the 
smaller they are the greater is their surface relatively to their volume. 
In the minute cells of Bacteria the surface is thus especially large in 
relation to the volume, a feature that has an adaptive value in con- 
nection with their mode of life. 

Of all geometric figures the sphere has the smallest surface for the 
same volume. All deviations from the spherical form are therefore 
connected with a relative increase of the surface. In particular, as 
the volume of the body increases, involving a relative diminution of 
the surface, the surface-area is in this way increased. Cylindrical, 
rod-shaped, filamentous, ribbon-shaped, and discoid forms thus occur, 
and ultimately bodies segmented by reason of their external pro- 



DIV. I 


MORPHOLOGY 


71 


jections ; such bodies usually show a definite longitudinal axis. 
The free surface of the body is of great importance to the plant for 
the absorption of the gaseous and liquid substances necessary for its 
nutrition and derived from the environment. The INCREASE of 
surface is thus the most important principle determining the external 
form of plants. 

The unicellular individuals of the beer Yeast (cf. Fig. 19) are ellipsoidal in 
shape, while the cells of many Algae, such as species of Diatoms (Fig. 76), are 



discoid or cylindrical. This group of Algae 
exhibits spindle, canoe, helmet, and fan 
shapes, and also filamentous ribbon- and 
chain-like forms. Rod-shaped and spirally- 
wound forms are met with in the Bacteria 
(Fig. 77 a, c, d). 



Fio. 77. —Bacteria from deposits on teeth, a, 
Leptothrix buccalis ; a*, the same after treat- 
ment with iodine ; b, Micrococcus ; c, Spiro- 


Fig. 76. — Pinnularia viridis. A, Surface chaete dentium after treatment with iodine ; 

(valve) view. J3, Lateral (girdle) cf, Spirillum sputigcnum. (x 800. After 

view, (x 540. After Strasburger.) Strasburger.) 


Such living beings may be attached by mucilage to a substratum or may float 
free in water. The free-floating organisms of continental water-surfaces as well as 
of the ocean are termed plankton in contrast to the firmly -attached aquatic 
organisms which constitute the benthos, Many forms of the plankton flora 
have the power of active movement (swimming forms) due as a rule to projections 
of the protoplast as slender contractile flagella or cilia which are special organs of 
locomotion (cf. Figs. 308, 310-312). This power of movement enables many 
organisms of the plankton, responding to stimuli, to seek for favourable nutritive 
conditions or to avoid unfavourable spots. Other forms of the plankton are sus- 
pended without true power of movement in the water (floating forms). Many of 
them, and other plankton organisms, show special arrangements for flotation in the 
increase of body-surface by long bristles, bars, and plates (Figs. 314, 323, 325). 
The friction of the body against the water is thus considerably increased and 
sinking made more difficult ( 8a ). 
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While all these simply organised plants have a fixed outline to their bodies, 
there are also lower plants which can continually change their form, e.g the 
myxomochae and plasmodia of the Myxomycetes. 

5. Establishment of Polarity. — The next stage in progressive 
complexity of form is the establishment of the distinction between 
base and apex. In freely motile forms the cilia are frequently 
attached at one pole. In fixed forms one pole forms an organ of 
attachment, as, for instance, a circular disc of attachment or 
palmately-branched lobes. The further growth may at the same time 

be restricted to a small region of the body or 
growing point. This in intercalary growth is a 
zone between the base and apex, while in apical 
growth it is situated at the summit of the plant- 
body. A young plant of the green seaweed Ulva 
lactuca affords an example of the latter condition 
(Fig. 78). 

4. Flattening. — Many Algae and Lichens have 
a disc-shaped or ribbon-shaped thallus (Fig. 80) 
by which the free surface is further increased. 
The assumption of this form may therefore be 
regarded as an adaptation to the nutritive relations 
of the organism. The latter constructs its organic 
substance from the carbon dioxide which it can 
decompose, but this process of assimilation only 
takes place in plants that contain chlorophyll and 
in the light. Thus as many chlorophyll grains 
as possible require to be exposed to the light, 
and this is attained even in massive bodies by the 
Fig. 78. — viva lactuca , flattened form. 

young stage, show- 5. Dorsiventrality. — The majority of the forms 
(x 8 22o! eX AfterSTRAs. 80 * ar re ^ erre( i to are radial or bilaterally sym- 
burgkr.) metrical. In those in which the thallus spreads 

out on a substratum (e.g. in many Lichens), the 
construction of the plant body further becomes dorsiventral. ’ Dorsi- 
ventral symmetry is characteristic of forms in which the upper side 
is the more strongly illuminated and is especially concerned in 
assimilation. 

6. Branching. — Filamentous, ribbon -shaped, and discoid forms, 
the surface of which is extended as branches, are still more highly 
organised. This occurs in most thalli of Algae, Fungi, and Bryophyta. 
The free surface is still further increased by the branching, and the 
available space and light are better utilised. Thus bushy, shrub-like, 
and dendroid thalli arise ; these in the Algae have often delicate 
branches moving with the surrounding water, to which they offer little 
resistance. 

In branching the apex of the young plant may divide into 
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two new and equivalent parts (dichotomous’ branching), as 
happens repeatedly in the fan-shaped thallus of the Brown Seaweed, 
Didyota dichotoma (Fig. 80 ; cf. the diagram in Fig. 79 a). In other 

H 

‘I * '1 9 




H 

a b 

Fio. 79. — a, Diagram of dichotomous and, &, of lateral racemose branching. K , Axis of the young 
plant ; H, main axis ; 1, 2, 3, 4, daughter-axes of corresponding orders. 

branched forms there is a new formation of growing points which 
give rise to lateral branches (lateral branching), and in the higher 
forms this becomes more and more limited to the apical region of 
the thallus ; the youngest and shortest lateral branches are the nearest 
to the apex. Such an acropetal origin of new lateral members is 
already evident in the 
filamentous Green Alga, 

Cladophora (Fig. 81 ; cf. 
also Fig. 86). In the 
simplest case of lateral 
branching a single main 
axis (monopodium) con- 
tinues its apical growth 
throughout the branch 
system. It behaves as the 
parent - axis to a large 
number of lateral axes, 
arising successively on all 
sides. These grow less 
actively than the main axes 
but can in turn branch similarly. This type of branching is called 
racemose (cf. the diagram, Fig. 7 9 &). 

Cymose branching, which will be described in connection with the cormus, also 
occurs in Thallophytes. 

All lateral axes which arise on the axis of the young plant are 



Fid. 80 .— Didyota dichotoma. (j nat. size. 
After Schenck.) 
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tera and of branches, a further degree of differentiation is attained. 
Some cylindrical branches continue the growth and branching of the 
thallus as long shoots. Other branches borne on these are short 
shoots with limited growth, and serve as leaf -like organs of 
assimilation. These short shoots may again exhibit a division of 
labour among themselves. Such forms are of the greatest interest 
morphologically, as they 
show how the leaves of 
cormophytes could have 
arisen from short shoots. 


Leaf- like short shoots have 
evidently arisen independently 
in a number of series of thalloid 
plants. Thus the leaf-like branches 
of the Siphoneae and Brown Algae 
are not homologous with those of 
the Red Algae but only analogous. 

8. Internal Structure 
of the Thallus. — Thalli, 
whether segmented or un- 
segmented, may consist of 
a single protoplast (e.g. 

Siphoneae, Caulerpa , Fig. 

343) or more usually of 
many cells. In the latter 
case the cells are arranged 
in filaments (Fig. 81), 
surfaces, or are united to 
form a cell - mass. The 
simplest multicellular thalli 
are composed of uniform 
cells all capable of division. 

As soon as a growing point 
is defined a distinction between meristematic and permanent cells 
is apparent. 


Fio. 82.— False branching in Cyanophyceae. A , Plicto- 
nema JVollei ; only the upper end of the broken filament 
grows out as a branch. £, PI. mirdbUe ; both ends 
proceed to grow. (Oltmanns after Kirchner and 
Bornet.) 


The extreme tip of the apical growing point is nearly always occupied by a 
single cell termed the apical cell. This sometimes differs little from the other 
cells, as in the case of Cladophora glomerata (Fig. 81). The dome-shaped apical 
cell is, on the other hand, prominent on the multicellular long shoots of the 
Brown Alga, Cladostephus verticillatus (Fig. 86). Such an apical cell divides by 
transverse walls parallel to one another, which cut off disc-shaped segments from 
its lower end. These divide further in a regular way, first by longitudinal and 
then by transverse walls into a number of cells, which are at first meristematic. 
The lateral branches, mostly developed as shoots of limited growth, develop from 
lateral cells in acropetal succession, and give the characteristic form to the plant 
(Fig. 86). Flat ribbon-shaped thalli may have a similar hut correspondingly 
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flattened apical cell, as seen in the Brown Seaweed, Dictyota dichotoma ( 53 ) (Fig. 87). 
Flat segments are cut off from this by walls convex backwards, and are then divided 
by longitudinal walls. Sometimes the apical cell is divided by a longitudinal wall 
into two cells of equal size lying side by side (Fig. 87 B t a , a), each of which 
forms one of the branches of the dichotomy. 

The permanent cells even of highly -differentiated thalli almost 

always have the characters of 
parenchyma. 

In a multicellular thallus there 
may be a distinction of peripheral 
assimilatory parenchyma with abun- 
dant chlorophyll, storage paren- 
chyma, colourless and with abundant 
reserve materials, and conducting 
parenchyma composed of elongated 
cells. 

Since the multicellular Algae 
living in water do not require pro- 
tection against drying up, and when 
exposed to the air at ebb-tide are 
protected by a covering of mucilage, 
a typical epidermal layer is wanting. 
The Algae show, however, an outer 
lamella of the cell-walls of their 
superficial cells, which stains brown 
with chlor-zinc-iodide. Rigidity of 
the thallus, especially in forms that 
grow exposed to the surf, is provided 
for by thickening of the walls of 
the outer layers of cells and some- 
times by incrustation with calcium 
carbonate. In the Bladder Wrack 
( Fucus vesiculosus ) special mechan- 
ical cells, characterised by their 
thickened walls and their great 

Fio. 84.— Haustoria (haust) of Peronospora parasitica ^^nsibility elasticity, are 

in parenchymatous cells of Capsella . hy, The inter- present. The Laminaneae, which 
cellular hyphae. (x 240.) are also Brown Algae, attain the 

highest grade of internal differentia- 
tion. The cortex frequently contains mucilage-canals, and the medulla has rows 
of cells resembling sieve-tubes and serving for the transport of materials. The 
axis grows in thickness by the continued division of a cortical layer, which forms 
concentric zones of secondary tissue, recalling the annual rings of the higher 
plants. 

(b) Bryophyta ( 64 ). — The fact that the Mosses and Liverworts 
(Bryophyta) assimilate carbon dioxide finds expression in their external 
form and internal structure. There are Liverworts such as Riccia 
fluitans (Fig. 88) in which the dichotomously-branched ribbon-shaped 
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body resembles the thallus of Dictyota (Fig. 80). In Blasia pusilla , 
another Liverwort (Fig. 89), the ribbon-shaped thallus has a midrib 
and bears lateral lobes as if the separation of leafy structures was 
commencing. The most completely segmented Liverworts, such as 
Plagiochila asplenioides (Fig. 90), and all the Mosses have cylindrical 
branched stems bearing such leaves as organs of assimilation. The 
lateral branches stand beneath the leaves on the main axis. These 
dorsi ventral, bilateral, or radially-symmetrical leafy stems are only 
analogous to the shoots of the higher plants and are best regarded 



Flu. 85.— Delesseria sanguined. (\ nat. size. Fig. 86 .— Clad ostephus I'erticWatus. (x 80. 

After Schenck.) After Prjngsheim.) 

not possess true roots, but are attached to the soil by rhizoids. These 
are unicellular hairs, separated from the basal cell bearing them by a 
wall, or branched filaments of cells, and serve to absorb water. Many 
of these plants can absorb water by their whole surface. 

In the Bryophyta, which are all multicellular, the summit of the apical growing 
point is frequently occupied by a single apical cell. In ribbon-shaped Liverworts, 
such as Metzgeria and Aneura , as in some similarly-shaped Algae, the apical cell 
is wedge-shaped (Fig. 91), and cuts o(f segments in two rows. The segments are 
out off by oblique walls inclined alternately to the right and left. By further 
division the segments give rise to the body of the plant. The apparently dichotomous 
branching of Liverworts with growing points of this type can be traced back to the 
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early delimitation of a new apical cell in the acroscopic half of a young segment 
(Fig. 91 at b). In the erect radially-constructed thalli of the Mosses the apical 

cell has the form of a three- 
sided pointed pyramid, and cuts 
oif three rows of segments. The 
young leaves of the Mosses grow 
at first by a two - sided apical 
cell, but later have intercalary 
growth. 




The permanent tissues 
reach a higher level of 
differentiation than in the 
Algae. This is connected 
with the special conditions 
which the life on land of 


the Bryophyta introduces. 
There is only rarely a 
definite epidermis in which 
a typical stomatal apparatus 
maybe differentiated, though 
the superficial cells are 
covered by a kind of cuticle. 
In some Mosses there are 
in addition elongated and 
Fio. 87.— The growing point of Diclyota dichotoma, show- pointed mechanical Cells 
ing the dichotomous branching. A, Initial cell. w Bicll closely resemble 
(X circa 500. After E. de Wildeman.) . . 

sclerenchyma fibres. 

Some Bryophytes have a strand of elongated cells serving for 
conduction. This is situated in the midrib of the ribbon-shaped 




Fio. 88 . — Ricda fluitcms. Fio. SQ.—Blasia pusilla. r, rhizoids. 

(Nat. size. After Schenck.) (x 2. After Schenck.) 


forms. Conducting strands clearly limited from the surrounding 
tissue are first met with in the Mosses (cf. Fig. 92). 

The most perfect strands of this kind are found in the stems of the Poly trichaceae. 
They contain elongated, thin-walled, water-conducting elements, thick-walled 
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mechanical tissue, and elongated cells that contain proteids.and starch. Strands 
of similar construction are also found in the thick midribs of the leaves and are 
connected with that of the stem. 


(e) Gametophyte of the Cormophytes ( 54 ). In the developmental 
history of the cormophytes a stage with a thalloid vegetative body 
occurs. Two generations alternate regularly with one another (cf. 
p. 191), the spore-bearing plant or sporophyte and the sexual plant or 
gametophyte. The vegetative body of the 
former is a cormus, while that of the latter 
is usually a very simply segmented and 
constructed thallus (prothallium). InPterido- 
phyta the gametophyte is usually a flat green 
structure attached to the soil by rhizoids and 

a i 




Fio. 90. ~ Ptagioehila as - 
plenioides, (Nat. size. 
After Schenck.) 


Fio. 91.— Diagrammatic representa- 
tion of the apex of Metzgeria /urea t a 
in process of branching, viewed 
from the dorsal side, a, Apical 
cell of parent shoot ; 6, apical cell 
of daughter shoot. (X circa 370. 
After Kny.) 


living independently (Fig. 93). It is at most a few centimetres in 
length and resembles a small Liverwort thallus. 


B. THE CORMUS ( 6r >) 

The cormus is divided into shoot and root, the shoot into the stem 
and the leaves. Stems, leaves, and roots are thus the fundamental 
organs of the cormus, which evidently is adapted to life on land by 
its outer and inner construction. 

As in many thalli the surface of the cormus is considerably in- 
creased by branching. The shoot forms lateral branches, the roots 
give rise to lateral roots, and by this branching, which in many plants 
begins even in the embryo, a shoot-system and root-system arise. 

The term cormus is usually employed as equivalent to shoot to denote a leafy 
stem apart from the roots, and a shoot or cormus is then recognised in the leafy 
Bryophyta. There are grounds for thinking that the “shoot” of the Moss is 
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not homologous with the shoot of the higher plants. It is therefore advisable 
not to employ the terms shoot or cormus in speaking either of the Bryophyta 
or of similarly organised “ leafy” Algae. There is nothing to prevent using the 
conception of the cormus as a wider one than that of the shoot, and understanding 
by it the vegetative organs of the cormophytes differentiated into shoots and roots. 
Further, there are transition forms between roots and shoots ( e.g . the rhizophores 
of Selaginella ) and between leaves and shoots {e.g. in Utricularia ). 


1. Construction of the Typical Cormus 


The fundamental organs of those cormi which can be regarded as 
typical .will be considered in the first place. Their peculiarities 

appear typically in such 
plants as our native trees, 
or even more clearly in 
many herbs. The funda- 
mental organs may under- 




Fio. 92. — Transverse section of the stem of Milium undu- 
latum. I, Conducting-bundle ; c, cortex ; e, peripheral 
cell layer of cortex ; /, part of leaf ; r, rliizoids. ( x 90. 
After Strasburger.) 


Fig. 93. — Asjddium jilix mas. Pro- 
thallium from the lower side. 
rh, rhizoids, ( x about 8. After 

SCHENCK.) 


go many modifications and, in extreme cases, their distinction may 
be difficult. 

(a) The Shoot ( 56 ) 

The shoot in land-plants may be wholly or in part exposed to the 
air (aerial shoot) or be partly buried in the soil (subterranean 
SHOOT, Fig. 139); the latter is the case in many perennial herbaceous 
plants (cf. Figs. 121, 139). It consists of the stem or axis of the 
shoot and the LEAVES. The latter on the aerial shoots, which are 
usually green, are developed as foliage leaves, while on the white or 
colourless subterranean shoots (root -stocks or rhizomes) they are 
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pale scales. The stem bears the leaves and provides for the extension 
of the shoot-system; this involves the elongation of the stem and 
the formation of new leaves and lateral branches, the connection 
between the leaves and roots, and the conduction of material between 
these organs. The stem in most subterranean shoots further serves 
as a place of storage of reserve materials. The foliage leaves, like the 
leaf-like branches of thalloid plants, are the organs of assimilation and 
transpiration in the cormophytes. The external form and internal 
structure of the foliage-leaves and stem stand in relation to these 
functions. 

(a) The Growing Point. — The shoot grows by means of an apical 

growing point situated at 
the extreme tip of the stem. 
Since the growing point is 




Fiq. 94.— Apex of a shoot of a phanerogamic plant. 
v, growing point; /, leaf-rudiment; g, rudi- 
ment of an axillary bud. (x 40. After 
Strasuurqer.) 


Fig. 95.— Apical view of the 
growing point of a shoot 
of Euonymus japonica. 
(X 12. After Stras- 

BURGER.) 


extremely small and scarcely visible to the naked eye, it is best 
seen when longitudinal sections of the apex of the shoot are ex- 
amined with a magnifying glass (Fig. 94). It then appears flat or 
convex (Fig. 94 v) 7 and sometimes distinctly conical (Figs. 96, 98). 
The rudiments of the leaves (/) and of lateral branches (g) arise 
laterally beneath the tip and appear as closely-crowded exogenous 
projections or bulges of the surface. The leaves arise in acropetal 
order and become larger on passing farther from the apex, as is 
clearly shown in transverse sections of the growing point (Fig. 95). 
The growing point and the young leaves, which only arise from the 
embryonic part of the apex, both consist of meristematic tissue. 


In the majority of the Ferns and in the Horsetails a single apical cell is found 
at the summit of the growing point (Fig. 96 t). It has the form of a three-sided 
pyramid (tetrahedron) with a convex base. The apical cell (Fig. 96 t , 97) of the 

G 


82 


BOTANY 


PART I 


main shoot of the Common Horsetail ( Equisetum arvense) will serve as an example. 
Viewed from above (Fig. 97) it appears as an equilateral triangle in which new 
walls (p) are successively formed parallel to the original walls. Each segment 
(S\ S ") becomes further divided by partition walls (m). In the Pteridophyta 
which have apical cells the leaf rudiments (/, /', f") usually commence their 
development with an apical cell which cuts off two rows of segments (/). The 
activity of this usually ceases, and the development of the leaf is continued by 
marginal growth due to a number of equivalent two-sided cells. This is the case, 
for example, in Equisetum . The lateral buds ( g ) also start from a single cell that 
becomes the apical cell. 

In the Lycopodiaceae, among the Pteridophyta, and in Phanerogams, there is 


/* 


Fio. 96.— Median longitudinal section of the vegetative growing point of Equisetum arvense . 

Explanation in the text. ( x 240. After Strasburger.) 

no such single apical cell at the growing point. In place of this a number of 
equivalent meristematic cells, which often form regular concentric layers (Fig. 98), 
are met with. 

The outermost layer of cells which covers the growing point and also the 
developing leaves is termed the dermatogen (d) because it gives rise to the 
epidermis ; it usually divides by anticlinal walls only. The cells in which the 
central cylinder of the stem ends at the apex form the flerome (pi), while the layers 
between this and the dermatogen constitute the periblem ( pr ). The limit between 
the periblem and plerome is often indistinct. 

On such growing points without apical cells the leaves and lateral branches 
arise as multicellular projections (Fig. 98), which come about by local increase in 
number of periblem cells, while the dermatogen undergoes anticlinal divisions only 
and keeps pace with the enlargement ( C7 ). 

Bud. — T he formation of new members at the growing point is 
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followed by their increase in size and differentiation. This applies in 
the first place to the young leaves, the growth of which exceeds that 
of the stem apex and is most marked on their lower sides. As a 
result of this the older leaves close over the growing point (Fig. 94) 
and the younger leaf rudiments. The growing point thus becomes a 
bud in which the delicate younger structures are protected against 
desiccation by the older and larger, though still immature, leaves. A 
bud is thus the young incompletely-developed end of a shoot. 

Vernation and Aestivation. 1 — A section through a winter bud shows that 
the young leaves are fitted in various ways to the narrow space in which they are 
confined. They may be so disposed that the separate leaves are spread out flat, 
but more frequently they are folded, rolled (Fig. 99 l), or crumpled. The manner 
in which each separate leaf is disposed 
in the bud is termed vernation. 

On the other hand, the arrangement 
of the leaves in the bud with respect 
to one another is designated aestiva- 
tion. In this respect the leaves are 
distinguished as free when they 
do not touch, or valvate when 
merely touching, or imbricated, in 


Fio. 97.— Apical view of the vegetative cone 
of Equisetum arvense ; l, lateral walls of 
the segments. Further explanation in 
text, (x 240. After Strasburger.) 

which case some of the leaves are overlapped by others (Fig. 99 k ). If, as 
frequently occurs in flower- buds, the margins of the floral leaves successively 
overlap each other in one direction, the aestivation is said to be contorted. 

(/3) The Axis of the Shoot. A. External Construction. — The 

active elongation of the stem begins at some distance from the grow- 
ing point ; with this the leaves in the bud begin to separate. It is 
characteristic of shoots, especially aerial shoots, that this elongation is 
not limited to a short region below the bud but extends many centi- 
metres (to more than 50 cm.) from this. It is not of course so active 
in the successively distant zones. The elongation may, on the other 

1 [The use of these terms in the following paragraph differs from that customary in 
England. By vernation is understood the arrangement of the leaves in a vegetative 
bud as a whole. The folding of each individual leaf in the bud is termed ptyxis. The 
term aestivation is applied to the arrangement of the parts in a flower* bud. — Trans.] 




Fig. 98. — Median longitudinal section of the 
vegetative cone of Hippuris vulgaris, d, Der- 
matogen ; pr , periblem ; pi , plerome ; /, leaf- 
rudiment. ( x 240. After Strasburger.) 
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hand, be so slight that the mature leaves of the shoot adjoin one 
another without leaving any free surface of stem between them. 
As a rule, however, its amount and distribution is such that the inser- 
tions of the leaves become separated by bare regions of stem (Fig. 111). 
These are known as internodes, while the transverse zones of the 
stem where the leaves are inserted are the nodes. The growth in 
length is much less in the nodes than in the internodes. In the 
latter it is often limited to a narrow zone, for example at the base 
of the internode in the Grasses. Thero are then a number of zones of 
intercalary growth in the stem separated by fully-grown regions. The 
nodes may be swollen (cf. Labiatae). 


In aerial shoots the internodes are usually thin, while they are frequently very 
thick in subterranean shoots. 

The length of successive internodes of an axis exhibits a certain regularity. 

Usually it increases on ascending a main 
axis and then diminishes. 


Leaf Arrangement ( 58 ). — The 
distribution or arrangement of the 
leaves is very characteristic of 
shoots, and exhibits great variety. 
One or a number of leaves may be 
borne at each node. When there 
are several leaves they form a 



Fig. 99. — Transverse section of a bud of Popului 
nigra, k, Bud -scales showing imbricated 
aestivation [vernation] ; l t foliage leaves 
with involute vernation [ptyxis] ; s, each leaf 
has two stipules. ( x 15. After STrasburger.) 


whorl and are termed the 

members of the whorl, while the 
leaf arrangement is spoken of as 
VERTICILLATE. When there is 
only one leaf at each node the 
arrangement is alternate. 

A very remarkable and peculiar 
regularity is exhibited by the 

arrangement of leaves on all sides of erect shoots ; it is often 
at once evident when the growing point is looked at from above 
(Figs. 95, 100). The youngest leaf-rudiments adjoin the older ones 
in such a way as to best utilise the available space. The relations of 
position are best shown when they are plotted diagrammatically on a 
ground-plan. The position of the leaves is represented in the diagram, 
which is of a plane at right angles to the axis of the stem, as if the 

latter were conical and viewed from the tip ; it is thus possible to 

indicate a higher position on the stem by a more internal position in 
the plan. Such ground-plans of leaf arrangements are called diagrams 
(Fig, 101). The centre corresponds to the apex of the stem; the 
leaves nearest to this are the youngest or uppermost, and those 
farther out are successively older and lower. It is convenient to 
indicate each node by a circle ; when there are several leaves at the 
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same node they are represented on the same circle. Such diagrams 
agree with the figures of transverse sections of a bud in the neighbour- 
hood of the apex of the stem (Figs. 95, 100). 

It thus appears that the leaves on an erect radial shoot are 

DISPOSED AS REGULARLY AS POSSIBLE AROUND THE STEM. THIS 
ENSURES THAT THE EXPANDED LEAVES DO NOT SHADE ONE ANOTHER 
BUT MAKE THE FULLEST POSSIBLE USE OF THE LIGHT. The distribu- 
tion is so regular that the angle between two successive leaves (< e.g . 
in Fig. 101, leaves 1 and 2, 2 and 3, etc.) is constant; this is termed 



Fiu. 100.— Transverse section of a leaf-bud 
of Tsiiga canadensis , just below the 
apex ot the shoot, showing a -fo diverg- 
ence. (x circa 20. After Hofmeister.) 



Fio. 101.— Diagram showing g position of 
leaves. The leaves numbered according 
to their genetic sequence. (After Stras* 

BURGER.) 


the angle OF DIVERGENCE, or, when expressed as a fraction of the 
circumference, the divergence. It is different in different kinds of 
plants. 

In the case of verticillately-arranged leaves the angle of divergence of a whorl 
(Fig. 102) is the circumference divided by the number of leaves, which is usually 
the same in each whorl. The members of successive whorls do not stand 
immediately above one another but alternate, so that the members of one whorl 
come above the intervals between those of the whorl below (Fig. 95, 102). The 
result of this arrangement, combined with the equality of the angle of divergence 
in each whorl, is that the leaves of such a shoot are arranged in twice as many 
vertical rows as there are members in each whorl (Fig. 102). These longitudinal 
or vertical ranks are termed orthostichies. A frequent case of verticillate 
arrangement is that of whorls of two members (Figs. 95, 102). In this arrange- 
ment, which is termed decussate, the angle of divergence is 180° ; the divergence 
is thus and there are lour orthostichies. If there are three members in a 
whorl the angle of divergence is 120°, the divergence and there are six 
orthostichies. 

When the arrangement of the leaves is alternate the divergence may be £ (Fig. 
103), (Fig. 145), | (Fig. 101), x \ (Fig. 100), etc. Here also, owing to the 
uniformity of the angle of divergence, the leaves will stand in orthostichies on the 
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stem. With a divergence of £ leaf 4 will stand vertically over leaf 1 (6 over 2, 

6 over 3, 7 over 1, etc.) ; with a $ divergence (Fig. 101) leaf 6 comes over leaf 1, 

7 over 2, 8 over 3, etc. If one imagines the insertions of successive leaves connected 
by the shortest line passing round the circumference of the stem, this line will be 
a spiral. The alternate arrangement of leaves is therefore also spoken of as 
spiral arrangement. The segment of this genetic spiral passing from leaf to 
leaf till one vertically over the starting point is reached is called a cycle of the 
spiral (e.g. in Fig. 101 from 1-6 or 3-8). In the case of £ divergence the cycle 
consists of three leaves and passes once round the stem. In £ divergence (Fig. 
101) the cycle consists of five leaves and passes twice round the stem. In the 
fraction expressing a divergence the numerator shows how often the cycle 
passes round the stem, and the denominator how many leaves the cycle in- 
cludes. The latter also indicates how many orthostichies there are and which 

leaf will next be found in the same 
orthostichy. For example, in a A 
divergence the stem will be passed 
round five times before the next super- 
posed leaf is met with, there are 13 
orthostichies, leaf 16 stands over leaf 
3 (3 + 13), and over leaf 8, leaf 21 
(8 + 13). Since the denominator always 
indicates the number of orthostichies, 


Fio. 103.— Diagram of two-ranked arrange- 
ment of leaves. The dotted lines are 
the orthostichies. (Modified after 
Strasburger.) 

the i divergence is also spoken of as two-ranked, the £ divergence as three- 
ranked, etc. When the leaves on a stem are crowded and in contact, another series 
of ascending spirals becomes more prominent ; these are the parastichies. They 
come about by the contact of those leaves the lateral distance between which on the 
axis is the least. The parastichies appear very clearly on pine-cones from which 
Fig. 104 is prepared as a somewhat diagrammatic view from the base. In this view 
the parastichies appear as spiral lines. Several systems of parastichies running in 
the same direction are clearly apparent. One of these (indicated by the unbroken 
lines I-VIII) goes in the direction of the hands of a clock ; two cross this system, 
one being a flat and the other a steep spiral, and these are marked by the two types 
of dotted lines. Two systems of equivalent parastichies that cross can be used to 
determine the divergence (cf. Fig. 104). Denoting any particular leaf by 1, the 
number of the next leaf in the parastichy is obtained by adding to 1 the number 
of the oblique ranks of that system which pass round the stem. There are 8 
parastichies indicated by unbroken lines, so that the next leaf in this parastichy is 
1 + 8=9 and the next to this 9 + 8 = 17, etc. Taking the opposite system of spirals 
there are 5 marked by broken lines (13 marked by dotted lines), and thus the 






» 

Fig. 102.— Diagram of the decussate arrange- 
ment of leaves. The dotted lines are the 
orthostichies. (Modified after Stras- 
BURQER.) 
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leaves in the system with broken lines are 1 + 5 = 6, 6 + 5 = 11, and so on. In 
the dotted parastichies, on the other hand, they are 1 + 13 = 14, 14 + 13 = 27, etc. 
This regularity depends on the fact that in every system of parastichies there must 
be as many leaves between the successive leaves of one parastichy as the remainder 
of the parastichies of that system. (This, in the system indicated by unbroken 
lines in Fig. 104, is 7, and seven leaves intervene between 1 and the next leaf of 
the parastichy. This leaf must follow on 1 + 7 and therefore be number 9.) If 
all the leaves are numbered in this way the successive numbers 1, 2, 3, 4, etc., give 
the genetic spiral and the divergence. The pine-cone in Fig. 104 has the leaf 
arrangement and in accordance with this the leaves 1, 22, 43 come above 
one another — i.e. in the same orthostichy. When the divergences are determined 
in diverse plants with alternately-arranged leaves it is found that certain 
divergences are particularly 
common. The series §, 
b Hi can thus 

be arrived at. These fractions 
have an evident connection 
with one another ; the numer- 
ator and denominator of each 
are the sums of the numerators 
and denominators respectively 
of the two preceding fractions. 

The divergences of this series 
all lie between ^ and $ of the 
circumference of the stem. 

They deviate the less from 
one another as the start of 
the series is departed from 
and approach more and more 
an angle of 137° 30' 28". 

This series is termed the 
main series of leaf arrange- 
ments. There are also other 
similar series, but the main 
series is characterised by tho 
fact that by its divergences 
the most uniform spacing of 
the leaves on an axis is 
attained with the smallest number of loaves. The discoverers of this series were 
Carl Schimeer and Alexander Braun. 

Erect radial shoots with elongated internodes or with broad leaves have usually 
few orthostichies, while those with short internodes and narrow leaves have many. 
In the latter case the divergences belong to the higher members of the 
series. 

The arrangement of the leaves on inclined dorsiventral stems is relatively 
simple. A divergence of £ or a similar arrangement is the most common ; by this 
the leaf surfaces can be placed horizontally and obtain favourable illumination. 
This is frequently attained by twisting of the internodes, which thus transforms 
a decussate into a two-rowed arrangement on inclined shoots. Similar changes 
occur in the oaso of alternately- arranged leaves in relation to the best utilisation 
of the light by the leaf-surfaces. The position of the foliage-leaves is nearly 
always an adaptation to the needs of the plant as regards light. In some 



Fio. 104.— Semi-diagrammatic view of a pine-cone seen from 
below. Divergence of scales ; I-VIII, system of para- 
stichies running in the direction of the hands of a watch ; 
1-5, system of parastichies running in the opposite direc- 
tion. For further description see the text. 
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horizontal subterranean shoots (e.g. of Ferns) the leaves stand in one or two rows 
on the upper side. 

Practically nothing is known of the causes of the regularity in the arrangement 
of leaves. The assumption of Schwendener that purely mechanical causes 
acting at the places of origin of the leaves determined the arrangement of the 
latter has proved to be unfounded ( B9 ). The leaves need not arise at the apex in 
the order of their genetic spiral, nor simultaneously as members of a whorl. 
Sometimes one side of a growing point may even predominate in the production of 
leaf-rudiments. The spiral arrangement of the leaf-rudiments on the apex need 
not be the same as that of the leaves on the fully grown shoot ; the divergences on 
the latter may be the result of secondary displacements. 


B. Primary Internal Structure of the Stem ( G0 ). — The stem 
exhibits a much more advanced differentiation of tissues than the 



Fig. 105. — Transverse section of an internode of 
the stem of Zca Mais. pr, Primary cortex ; pc, 
pericycle ; cv, vascular bundles ; gc, funda- 
mental tissue of the central cylinder. ( x 2. 
After SCHENCK.) 


long shoots of even the most 
highly segmented thalli. On the 
outside a typical epidermis forms 
its boundary layer. Beneath this 
in the internodes (the nodes have 
a more complicated structure) 
comes a zone of tissue free from 
vascular bundles and called the 
CORTEX. This surrounds the 
CENTRAL CYLINDER (Fig. 105), as 
the remaining tissue of the stem 
including the vascular bundles 
is called. 

It is practically desirable to maintain 
the conception of a central cylinder even 
though in some Monocotyledons the 
cortex cannot be clearly distinguished 
from the central cylinder and the 
vascular bundles occur close below the 
epidermis. 


Cortex. — The cortex is mainly composed of parenchyma. In 
green aerial shoots the peripheral layers contain chlorophyll, while 
those farther in are colourless and serve for storage rather than 
assimilation. In colourless subterranean stems, which often attain a 
greater thickness, it is composed of colourless parenchyma which, like 
the parenchyma of other regions of the rhizome, contains reserve 
materials. Mechanical tissue is also developed in the cortex. The 
stem in aerial shoots sustains the weight of the leaves and is exposed 
to bending by the wind ; it must be sufficiently rigid against bending in 
all directions. Bigidity is attained by the aid of mechanical tissue such 
as layers or strands of collenchyma or sclerenchyma ; this is placed as 
near to the periphery as possible, sometimes lying just below the 
epidermis of projecting ridges (Fig. 107, 1, 2). 
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As Schwendener ( u ) first showed, the mechanical tissues which render a 
stem rigid against bending are so arranged as to make the best use of the material. 
Rigidity against bending while the least possible mechanical material is 
employed is best attained by placing this in a peripheral position. When a 
straight rod (Fig. 106) is bent the convex side elongates and the concave side 
is shortened. The outer edges, a, a and a', a', are thus exposed to the greatest 
variations in length, while nearer the centre (i, i ; i ') the deflection and consequent 
variations in length are less. If instead of the uniform rod the mechanically 
effective material were to be disposed as economically as possible, it should be brought 
close to the periphery. In this position it will oppose the greatest resistance to 
bending, and if bending takes place will be less easily torn or crushed than less 
resistant material. Every one knows how great is the resistance to bending of an 
iron tube, even with thin walls. The builder attains a high level of resistance to 
bending by placing at the periphery of structures bars of mechanically effective 



Fig. 106.— 1. Longitudinal section of an elastic cylinder, before bending (dotted outline) and after 
bending (heavy outline). After bending the convex side («') is stretched and the concave side 
(o) compressed. /, Connecting tissue. 

2. When the connecting tissue (/) is not sufficiently firm, the bands of stereome (a, a') curve 
independently and remain unaltered in length. (After Noll.) 


material parallel to one another and to the longitudinal axis of the structure. 
These are called girders. It is esseutial that these girders should be connected 
and kept at their proper distances from one another by a sufficiently rigid, but 
elastic, connecting tissue. Each rod or girder then forms with the one lying 
immediately opposite a 1‘girder, the material which occupies the line between 
the two rods being the connecting material. Were this connection wanting, each 
rod would be readily bent. In hollow structures, however, it is sufficient that the 
girders should be joined laterally. In large buildings the peripherally-placed 
bars have themselves the construction of I-girders, each being constructed of two 
connected bars. 

In many plants in the same way the mechanical tissue forms a peripheral 
hollow cylinder which may either come next the epidermis or be more deeply 
situated (Fig. 108 pc) ; in others there is a system of similarly-placed strands 
of mechanical tissue lying side by side (system of simple girders, Fig. 107) ; the 
latter arrangement may be combined with the complete hollow cylinder (Fig. 107, 2). 
In other cases each of the peripheral strands has itself the form of a I-girder (Fig. 
107, 8) ; only the outer bars of this consist of mechanical tissue, the connection 
being usually made by a vascular bundle (system of I-girders). 

These arrangements are on the whole better shown in the stems of Monocotyle- 
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dons than in the primary structure of the stems of Dicotyledons and Gymnosperms. 
In the latter the rigidity can be increased by the secondary thickening. 

The innermost layer of cells of the cortex in the mature subaerial stems of land- 
plants is not usually specially characterised. This layer, may, however, be developed 
as a starch-sheath, or as a typical endodermis (especially in the subterranean 
shoots of land-plants and in the stems of aquatic plants). If developed as a starch- 
sheath its cells contain large, easily-movable starch -grains. 

Central Cylinder. — This is composed of various tissues. The 
parenchyma, in accordance with its deep-seated position, is almost 
or quite colourless, and serves mainly for conduction or storage. 
The most important parts of the central cylinder are, however, the 



Fio. 107.— Rigidity against bending. 1. Transverseteection of ayoungtwig of Samlmcus ; c, collen- 
chyma. 2. Part of the transverse section of a haulm of grass ( Molinia coerulea ); Sc, ribs of 
sclerenchyma ; Sc R, sclerenchymatous ring connecting them laterally ; A, green assimilatory 
tissue ; MH, pith-cavity. 8. Diagram of double girder on a larger scale, g, g, Girders ; 
f, connecting tissue represented by the vascular bundle. (1 and 2 after Noll.) 

VASCULAR bundles which serve for transport of substances between 
the leaves and the root-system. 

When the central cylinder and cortex are sharply delimited by a sheath the 
vascular bundles do not as a rule abut on this, but are separated by a zone one or 
more layers thick (Fig. 108 pc) which is called the perioycle. 

There is either only a single vascular bundle in the stem, as in 
some Ferns and in Lycopodium (Fig. 485), or there are a number of 
vascular bundles. In the latter case the bundles have a definite 
course and consequently a special arrangement as seen in a transverse 
section of the stem. In transverse sections of the internodes they 
appear arranged in a circle in the Horsetails ( Equisetum ) and most 
Ferns, Gymnosperms and Dicotyledons (Fig. 160). In Monocotyledons 
(Fig. 105), on the other hand, they are irregularly scattered. If the 
bundles form a single circle the tissue within this, composed of 
parenchymatous cells which are alive or may die at an early period, is 
distinguished as the pith (m). The tissue between the bundles forms 
the medullary RAYS (■ ms ). This distinction is wanting when the 
bundles are scattered (Fig. 105). 
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There are also Ferns ( e.g . Pteridium , Fig. 484) and Dicotyledons in which 
the vascular bundles form two ( Cucurbita , Phytolacca , Piper ) or more ( Amarantus , 
Papaver , Thalictrum) circles. 

The medullary rays may consist of parenchyma, but in a number of herbs their 
inner portion, between the xylem of adjacent bundles, is formed of sclerenchyma. 
This contrasts with the outer parenchymatous portions situated in the region of 
the phloem. 


Course of the Vascular Bundles. — In accordance with their 
functions the vascular bundles form continuous strands which in macer- 
ated preparations may be followed from the root-tips to the extremity 
of the leaves. This can be done by letting herbaceous plants lie 
in water until all the tissues 
except the more resistant vas- 
cular bundles have decayed and 
disappeared. 

The bundle of the root is 
traced to the base of the shoot, 
where it is continuous with the 
more complicated system of 
vascular bundles (cf. p. 130). 

The bundles in the stem may 
be traceable to the apex with- 
out passing into the leaves. 

Such bundles are termed 
CAULINE, and contrast with 
purely foliar bundles which 
immediately on entering from 
a leaf unite with cauline 
bundles. 



Quy 




m 


Thus in the Pteridophyta there 
may be a network of cauline bundles 
or a single central bundle ( Lyco- 
podium , etc.) with which the foliar 
base. 


Fig. 108.— Part of transverse section of a young stem 
of Aristolochia Sipho. e, Epidermis ; pr, primary 
cortex ; st, starch sheath ; c, central cylinder ; pc, 
pericycle, in this case with a ring of sclerenchyma 
fibres ; cv', phloem, and rv", xylem portions of the 
vascular bundle ; cb, cambium ring ; m, medulla ; 
ms, primary medullary ray. (x 48. After Stras- 
burqer.) 


bundles unite on entering from a leaf- 


As a rule, however, the bundles of the shoot bend outwards into 
leaves and are common bundles, the upper portion of which belongs 
to a leaf and the lower portion to the stem. One or several such 
bundles pass into a leaf and form collectively what is known as the 
leaf-trace. The vascular system of the stem in the seed-plants consists 
as a rule entirely of these leaf-traces or common bundles. 

The leaf-trace bundles may remain separate from one another in 
the stem, but usually each descending bundle of the trace ends by 
joining another bundle that has entered from a lower leaf. A 
splitting or forking of the bundle may precede this junction. Such a 
reticulate arrangement of the bundles ensures a uniform distribution 
of the water supply, since each bundle of the stem as a consequence of 
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its subdivision provides water to a larger region of the shoot. The 
general course of the bundles differs ..in different species according to 
the length of the free course of the single bundles of the trace, the 
course they follow, and the subdivision they undergo. The arrange- 
ment of the leaves naturally determines the places of entry of the 
leaf-traces into the stem. Their course in the stem is, however, quite 
independent of the leaf arrangement, and can be very different for 


one and the same type of 
this. 

In the Horsetails, the Coni- 
ferae, and the Dicotyledons, 
all the leaf-trace strands pene- 
trate equally deeply into the 
stem, to pass down this as parts 
of the characteristic ring of 
bundles evident in transverse 
sections. The course of the 
bundles in the internode can 



Fio. 109.— Diagram of the course 
of the vascular bundles in a 
young branch of Juniperus nana 
shown on the unrolled surface 



of the cylinder. At k, k the Fig. 110.— Diagrammatic representation of the course of 
vascular bundles passing to the the vascular bundles m a young twig of Taxus baccata. 

axillary shoots are seen. (After The tube of bundles is slit up at 1, and spread out 


Geyler.) 


in one plane. 


thus be indicated on the surface of a cylinder or represented as if this surface were 
flattened in one plane. Complications occur at the nodes by the leaf- trace 
strands being joined by transversely-placed cauline strands ; cross connections of 
later development often occur in the in ter nodes also. 

A relatively simple example of the arrangement of vascular bundles is afforded 
by the young shoots of Juniperus nana (Fig. 109), the leaves on which are in 
whorls of three. From each leaf a leaf-trace consisting of a single vascular bundle 
enters the stem. This divides into two about the middle of the internode below, 
and the portions diverge right and left to unite with the adjacent leaf-traces. The 
arrangement of the bundles in a young twig of Taxus baccata as shown in Fig. 110 
is less simple, though in this case also the leaf-trace consists of only one bundle. 
Each leaf-trace can be followed down through twelve internodes before it joins on to 
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another bundle. It first runs straight do' 
to give place to an entering trace, with 1 
insertions, and consequently the places 



Flo. 111. — Clematis viticella . End of a branch 
which has been made transparent by the re- 
moval of the supertlcial tissues and treatment 
with caustic potash. The emerging strands 
have been slightly displaced by gentle pressure. 
The two uppermost pairs of young leaves (W i , 
bl 2) are still without leaf-traces. t>, Apical cone. 
(After Naoeli.) 


for four internodes and then bends aside 
ich it later unites.' In Taxus the leaf 
entry of leaf- traces, have a divergence 
of An example of leaf- traces 

composed of three bundles is afforded 
by young branches of Clematis viticella , 
the arrangement of the leaves on which 
is decussate. The median strands of 
the leaf-traces ,(« and d , g and k t n and 
q, t and x in Fig. Ill) run down 
through one internode, dividing at the 
next node into two arms which fuse 
with the adjacent lateral strands of 



Fig. 112. — Diagrammatic representation 
of the course of the bundles in the Palm 
type. Two-ranked leaves encircling the 
stem are shown cut in their median 
planes. The leaves (Aa, Bb , Co) are 
cut across close to the base ; the capital 
letters indicate the median portion of 
each. The stem is seen above in trans- 
verse section. (After Rothert, adapted 
from Rostafinski.) 


the leaves inserted at this node. The two lateral strands of each leaf-trace (Fig. Ill 
I, c ; e,/; h } i; l, m; o,p; r, s) are also free through the internode, but at the node 
below they curve inwards and become attached to the same lateral strands as the 
arms of the median bundle of the trace. 

The course of the bundles in the Monocotyledons follows a wholly different 
type (Fig. 112). The individual bundles of the leaf-trace penetrate to different 
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depths in the stem and thus appear scattered on the cross-section. This results from 
the prolonged growth in thickness of the growing point after the procambial strand 
of the first and median bundle of the leaf is laid down. As a result of this 
the successively-formed procambial strands of the later bundles are placed less 
deeply. This arrangement is especially well marked in the Palms (palm type), in 
which each leaf-trace consists of the numerous bundles which pass into the stem 
from the leaf- base which completely encircles the stem. The median bundle 
penetrates to the centre of the stem, the lateral bundles, as the median line of the 
leaf is departed from, less and less deeply. In the longitudinal section of a stem 
in Fig. 112 only the median bundle for each leaf ( A , B, 0) and one lateral bundle 
(a, b y c) are represented. In their further downward course the bundles gradually 
approach the periphery of the stem, where they fuse with others. The number of 
internodes which each bundle traverses varies, being greatest for the median 
bundle. 

Structure of the Vascular Bundles ( 61 ). — The bundles in the 
stem are strands of tissue of circular or elliptical outline in cross- 
section and always consist of xylem and phloem, i.e. are complete 
bundles (cf. p. 64). The sieve-tubes are the most important com- 
ponent of the phloem-portion and the water-conducting vessels of the 
xylem-portion of the bundle. 

In the literature the xylem is frequently also termed wood, vascular tissue, or 
hadrom ; and the phloem, bast or leptom. 

The bundles are variously constructed in different cormophytes. 
In order to understand the construction of the vascular bundles 
and the differences between the various types their ontogenetic 
development must be taken into consideration. The primary vascular 
bundles are developed from strands of elongated meristematic cells. 
In these the differentiation of the tissues proceeds gradually over a 
period of time. So long as the portion of the plant is still growing 
actively in length the main portion of the strand of meristem remains 
undifferentiated. Only at limited regions of the strand, usually at 
the outer and inner margins, are a few elements transformed into per- 
manent tissue. These narrow elements, which are suited to undergo 
stretching, are on the one hand annular and spiral tracheides, and on 
the other sieve-tubes with or without companion-cells. They form 
the PROTOXYLEM and protophloem respectively. Only when growth 
in length is finished do the bundles become fully differentiated, the 
differentiation proceeding from the protoxylem and protophloem and 
resulting in the formation of wider elements (Figs. 116 B , 117). The 
first-formed elements of xylem and phloem have ceased to be functional 
in the fully-developed vascular bundle. The protoxylem elements are 
then frequently compressed or torn by the stretching (Fig. 116 B, Z, 
at a, a\ Fig. 118, rp\ and in some cases their place is taken by a 
lysigenous intercellular space (Fig. 116 Z). This is filled with water 
and thus still serves for water-conduction ( 62 ). The walls of the proto- 
phloem elements (cp) are swollen and their sieve-plates closed by callus. 
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According to the arrangement of the xylem and phloem a distinc- 


tion can be made of radial, 
CONCENTRIC, and COL- 
LATERAL vascular bundles. 

In radial vascular 
bundles (Fig. 113) there 
are a number of strands 
of xylem and phloem which, 
as seen in a cross* section of 
the circular bundle, stand 
side by side, alternating 
with one another. Seen 
from the side the vascular 
strands run parallel to one 
another and to the longi- 
tudinal axis of the part of 
the plant. The strands of 
xylem may meet in the 
centre of the bundle and 



so constitute a star-shaped 
mass as seen in transverse 
section. The ends of the 


Fig. 113. — Radial vascular bundle from the stem of 
Lycopodium Hippuris. p, Phloem ; pp % primary phloem ; 
x , xylem; xp, protoxylem. (x 30.) 


rays are made up of the narrowest tracheides (protoxylem), while the 

vessels towards the centre are 



Fig. 114.— Concentric vascular bundle with external 
xylem from the rhizome of Convallaria majdlis. 
ph , Phloem ; x , t, xylem ; *, protoxylem. (After 
Rotheut.) 


always wider (Fig. 113). The 
strands of phloem are situated 
in the depressions between the 
rays, the narrow protophloem 
elements being at the periphery. 
One or more layers of paren- 
chyma come between the xylem 
and the phloem. In radial 
bundles the differentiation 
proceeds, in accordance with 
the position of the first formed 
elements in the strands of 
xylem and phloem, from the 
periphery towards the centre. 
Radial bundles, though charac- 
teristic of roots, occur relatively 
seldom in stems and are always 
solitary, as for example in the 


stems of Lycopodium . 

In concentric bundles a central strand of xylem or phloem is 
surrounded on all sides by a cylinder of phloem or xylem. The 
bundle may be distinguished as concentric with internal xylem when 
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the xylem is centrally placed, and as concentric with outer xylem 
when this tissue is peripheral. The bundles in the majority of Ferns 
(Fig. 115) are of the former type, those in the rhizomes or stems of 
some Monocotyledons (Fig. 114) of the latter. In concentric bundles 
the development does not follow a single type, and in accordance with 
this the position of the protoxylem and protophloem is various. 



Fig. 115. — Transverse section of a concentric bundle from the petiole of Pteriilium aquilinum. sc, 
scalariform tracheides ; sp, protoxylem (spiral tracheides) ; sc*, part of a transverse wall showing 
scalariform perforations ; Ip, xylem parenchyma ; v, sieve-tubes ; s, phloem parenchyma ; 
pr, protophloem ; pp, starch layer ; e, endodermis. (x 240. After Strasburger.) 


In the Pteridophytes the narrow elements of the protoxylem (Fig. 115 sp)lie in 
groups in the strand of xylem, peripherally, centrally, or among the later-formed 
vessels. The xylem is surrounded by a sheath of parenchyma (Ip). Outside this 
comes a zone composed of sieve-tubes ( v ) and parenchyma (s), the narrow proto- 
phloem elements being situated at the outer edge of this. 

In COLLATERAL vascular bundles (Fig. 116 A ), which consist of a 
strand of xylem and as a rule a single strand of phloem, the xylem 
lies beside or rather behind the phloem. The median plane of the 
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bundle is always placed radially in the stem, the xylem being directed 
inwards and the phloem outwards. The protoxylem in collateral 
bundles is usually placed at the inner edge of the strand of xylem, the 
protophloem at the outer edge of the phloem, as the bundle is seen in 
transverse section. Such collateral bundles are characteristic of the 
shoots of the Spermaphyta and the Horsetails. Bicollateral 



Fig. 116 A.— Transverse section of a closed, collateral vascular bundle from the internode of astern of 
Zca Mais. a , Ring of an annular tracheide ; sp, spiral tracheide; to and m\ vessels with bor- 
dered pits ; v, sieve-tubes ; s, companion cells ; cpr, compressed protopliloem ; l, intercellular 
passage ; vg, sheath ; /, cell of fundamental tissue. ( x 180. After Stkasboroee.) 

bundles, in which the xylem is accompanied by a strand of phloem 
on the inside as well as on the outside, also occur, as for example in 
the stems of Cucurbitaceae. In Monocotyledons the collateral bundles, 
are closed, i.e. the whole bundle consists of permanent tissue, the 
xylem abutting directly on the phloem (Fig. 116 A). In Gymno- 
sperms and Dicotyledons, on the other hand, the bundles are usually 
open, i.e . the xylem and phloem remain separated by a layer of 
meristematic tissue called the cambium (Fig. 117). In collateral 
bundles, the elements are developed in succession from the proto- 
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phloem on the outside and the protoxylem on the inside towards the 
middle of the bundle. If the meristem is completely used up in this 
process a closed collateral bundle results ; if some remains between the 
xylem and phloem the bundle is an open one. 

It is not at present known what relation holds between the arrangement of 
xylem and phloem, or the position of the protoxylem and protophloem, and the 
requirements of conduction in the plant. 

In all vascular bundles the strands of xylem are mainly composed 
of narrower or wider lignified elements that serve for the conduction 



Fio. 116 B. — Longitudinal sectiou of a closed, collateral vascular bundle from the stem of Zen Muis. 
a and a', Rings of an annular tracheide ; v , sieve-tubes ; s, companion cells ; cp, protophloem ; 
l, intercellular passage ; vg, sheath ; sp, spiral tracheides. (x 180. After Strasburoer.) 

of water. These may be tracheides and tracheae, or only tracheides. 
They occur singly or in groups, without intercellular spaces, among 
narrow, living, elongated and often unlignified cells of the conducting 
parenchyma (xylem-parenchyma), or are surrounded by a sheath of 
this tissue (Fig. 115 Ip). In the Pteridophyta only tracheides are 
present, while in the bundles of Phanerogams both tracheae and 
tracheides usually occur (Fig. 116 a, sp, m; Fig 118 rp, sp, s, n , t). 
In all bundles , (cf. Fig. 118) the narrowest vessels are annular or 
spiral ; the others are usually reticulated or pitted, but in the Pteri- 
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dophyta the elements, apart from the protoxylem, are scalariform 
(Fig. 67 A). 

In the strands of phloem of the vascular bundles (Figs. 115, 116) 
the sieve-tubes ( 0 ) are always accompanied by other living cells. These 
are either the companion-cells (Fig. 116 s ), which are usually shorter 
than the elements of the sieve-tubes with which they connect by sieve- 



Fig. 117.—' Transverse section of an open collateral vascular bundle from a stolon of Ranunculus 
repens. s, Spnal tracheides ; m, \essel with bordered pits; c, cambium; v, sieve-tubes; vg , 
sheath, (x 180. After Strasburger.) 

pits, companion-cells together with other elongated parenchymatous 
cells (phloem-parenchyma), or phloem-parenchyma only (Fig. 115 s). 
Intercellular spaces are wanting. 

Companion-cells only occur in relation to the sieve-tubes of Angiosperms. 
They are sister-cells to the members of the sieve-tube, cut off by a longitudinal 
division, and later undergoing as a rule transverse divisions. They are narrower 
than the sieve-tubes themselves, and are further distinguished from them by their 
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abundant protoplasmic contents. In some cases laticiferous- or mucilage-tubes 
occur in the phloem. 

The bundle as a whole is often more or less completely surrounded 
by a bundle-sheath. This may have the form of parenchyma 
without intercellular spaces, the cells often containing large starch-grains 
(starch-sheath) ; in other cases it is sclerenchymatous, or it consists 
of endodermal cells. It is not regarded as forming part of the 
vascular bundle itself. 

The sheaths frequently serve to limit the conduction of material to the vascular 
bundle. Sclerenchymatous sheaths are most common at the outer side of the 



Fio. 118.— Longitudinal section of the wood of a collateral vascular bundle of Impatiens parvijlora. 
rp, annular thickenings of an annular protoxylein element that is greatly stretched by the 
growth In length of the stem ; sp, stretched spiral protoxylein element ; s, spiral-, n, reticulate-, 
t , pitted-vesseL s, n , t, were only fully do\ eloped after the growth in length of the stem was 
completed, (x 120.) 

phloem, forming semilunar masses (Fig. 116 A, 117 vg), and are especially developed 
in relation to the outermost bundles when these have a scattered arrangement. 
When a sclerenchymatous sheath surrounds a collateral bundle it is frequently 
interrupted at the sides, opposite the junction of the xylem and phloem, by 
parenchymatous or less thickened and lignified elements. These regions facilitate 
the exchange of water and nutritive substances between the bundle and the 
surrounding tissues. 

The following conceptions regarding the phylogeny of the types of vascular 
bundles appear to be established. All the evidence points to the assumption that 
a stem with a single central vascular bundle is relatively primitive. Such a bundle 
is found in the stems of a number of living and extinct Pteridophyta and in all 
roots. The simplest and phylogenetically oldest type of vascular bundle appears 
to be the concentric bundle with a solid central strand of xylem ; at least this 
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appears to be present in the young plants of nearly all existing Ferns (cf. Fig. 119 A). 
The radial bundle also may be a very ancient type, as is suggested by its constancy 
in the roots of all living and extinct cormophytes so far as our knowledge extends 
and in the stems of some cormophytes. No other type of bundle is found in both 
stems and roots. The variety as regards the construction and arrangement of the 
bundles, which is met with in the shoots of Pteridophyta as contrasted with the 
Spermatophyta, leads to speculations upon the mode of origin of these various types 
of construction from stems with a single concentric bundle. There are stems (Fig. 
11 9 B) in which the vascular tissue of the single central bundle has the form of a hollow 
cylinder enclosing a central strand of parenchyma or pith (Gleicheniaceae, 
Schizaeaceae). In others (Fig. 119 E) the hollow cylinder of xylem is lined with an 
internal zone of phloem ( e.g . Marsilia ). Lastly, there are cases (Fig. 119 F) in which 
the hollow vascular cylinder is perforated by rhombic leaf-gaps at the departure of the 
leaf- trace bundles (e.g. Aspidium filixmas). In this last case a cross-section of the stem 



Fig. 110.— Diagrammatic figures of the types of vascular bundles. The pith and cortex are left 
white, tho phloem shown by black dots, and the xylem by white dots on a black ground 
Explanation in the text. 


shows a number of typically constructed concentric bundles, with solid central strands 
of xylem, arranged in a circle. There are also Ferns (Fig. 1 19 C) in which a cylinder 
of xylem immediately surrounding the pith is divided by radial plates of parenchyma 
into a number of longitudinally-running strands of xylem placed side by side, the 
whole being surrounded by a continuous zone of phloem [e.g. Osmunda). Lastly, 
there aro cases (Fig. 119 D) in which the phloem is correspondingly divided, so that 
the radial plates of parenchyma separate, as medullary rays, the collateral strands 
composed of xylem and phloem [e.g. rhizome of Ophioglossum). These examples 
show how either a reticulate tube of concentric bundles or a hollow tube composed 
of collateral bundles can be derived from a centrally-placed concentric bundle. If 
we assumeithat the phylogenetic development has proceeded on these lines, it is 
clear that neither one collateral bundle of the Spermatophyta nor one of the 
circle of concentric bundles found in many Ferns is homologous with the central 
bundle of “ primitively constructed ” Pteridophyta. The totality of collateral or 
concentric bundles in such stems would be homologous with the single central 
concentric or radial bundle. According to this assumption, which is the essential 
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of the sticla R theory ( 83 ), tlie single central bundle is termed the stele, and the 
circle of collateral or concentric bundles with the enclosed pith would also be 
regarded as a stele since it is derived from the primitive stele. A single bundle 
may therefore represent the whole stele or a part of the stele. There is usually 
only one stele or central cylinder in the stem of the Spermatophyta (monostely). 



Fia. 120.— Acer platanoides. A, External view of a bud, with two young leaves between which the 
apical cone of the stein is visible ; sp i the leaf-blade, in which five segments aro indicated, 
the uppermost one being developed first ; st, the zone, by the growth of which the leaf-stalk 
will arise later. B, An older leaf seen from the side ; the young vascular bundles, which will 
later determine the venation, are indicated. C, Fully-grown leaf, with the course of the 
vascular bundles indicated diagrammatically. />, A transverse section of the basal portion of 
a bud showing three vascular bundles in each leaf, E, A similar section at a higher level ; 
the number of vascular bundles has increased by branching. (After Deinega, from Goebel’s 
Organography. A, B , and E slightly magnified.) 

Cases are, however, met with in which the stele is divided (polystely) as in the 
stems of Auricula and Ounnera. 

(y) The Leaves ( 64 ). 1. Development of the Leaves. — The leaves 
have been seen to arise exogenously at the growing point of the stem 
as lateral papillae or bulges (Figs. 94, 98 /), which to begin with are 
unsegmented. These are the leaf primordia. Usually a young 
leaf occupies only a part of the circumference of the apex, but it 
may encircle the latter as an annular ridge. Several leaves forming 
a whorl may arise in the same way and only later appear as. 
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distinct structures on the ring-shaped outgrowth. When whorled 
leaves arise independently they may either appear simultaneously 
or, as is more commonly the case, in succession ( 65 ). 

In rare cases a leaf may be terminal on the growing point. 

While the shoot by means of its growing point has an unlimited 
growth, the growth of the leaf primordia, which only continues at their 
tips for a short time, is limited. The tip, which often develops 
more rapidly than the rest of the leaf, is first transformed into 
permanent tissue. This assists in the protection of the youngest 
parts of the bud, a function which has already been seen to be 
undertaken by the leaves. The further growth of the leaf is as a rule 
effected by intercalary growth. Most frequently the change into 
permanent tissue proceeds from the tip towards the base. The 
growth is thus greatest and most prolonged in the leaf-base, where 
it continues until the leaf is fully developed. Well-marked and 
prolonged apical growth is on the other hand characteristic of the 
leaves of many ferns. 

Welwiischia miralilis (cf. Fig. 630) behaves in a peculiar w r ay unlike all other 
cormophytes. Above the cotyledons only a single pair of foliage leaves is formed. 
The basal zones of these grow in each annual period while the ends of the leaves 
arc gradually withering. 

2. Different Forms of Leaves. — The leaves of the shoot have very 
diverse functions and are correspondingly various in their form on the 
same stem, although in their origin they are alike. 

The main axis of the seedling bears first the cotyledons or seed- 
leaves which are situated on the hypocotyl (Fig. 152) of the embryo 
while it is yet in the seed. In the Monocotyledons there is only one 
such leaf, while the Dicotyledons and some Gymnosperms have two 
cotyledons and some Gymnosperms have more than two. Following 
on the cotyledons in the case of subterranean stems, and often also in 
those above ground, come a number of scale leaves (Fig. 121 
then in the case of aerial shoots the foliage leaves ( lb) y and still 
higher simply formed bracteal leaves (kb). The foliage leaves may 
be first considered, since the other forms have arisen by transformation 
of these. 

A. The Foliage Leaves exhibit a great variety of form and 
segmentation, and these characters are largely employed in descriptive 
botany. As a rule, the foliage leaf is segmented into the flattened, 
thin, bright-green leaf-blade (lamina, Fig. 122 sp), which is often 
inaccurately spoken of as the leaf ; the stem-like leaf-stalk (petiole, 
Fig. 122 s); and frequently also into the stipules ( nb ) attached to 
the leaf-base close to the stem or into a leaf-sheath (vagina, Fig. 
134 v) more or less completely surrounding the stem above the node. 
When the leaf-stalk is wanting the leaf is termed sessile; when 



104 


BOTANY 


PART I 



present it is petiolate. The segmentation is recognisable at an early 
stage in the primordial leaves, which are differentiated shortly after 
their origin into the leaf-base (Fig. 123 A and B , g) and the upper 
leaf (Fig. 123 A , B, o). From the leaf-base the stipules (g) arise 

or it forms a leaf-sheath or 
a thickened pulvinus. Fre- 
quently it undergoes no 
special further development 
and is not distinguishable 
in the mature leaf. The 
leaf-blade (Fig. 120 A , sp) 
is developed from the upper 
leaf, and so also when this 
is present is the leaf-stalk 
(A, st). The latter develops 
relatively late by intercalary 
growth and is thus inter- 


Fio. 121.— Lily of the Valley ( Convallaria majalis). nd , 
Scale leaves ; lb, foliage leaves ; hb, bracts ; b, flower ; 
ws, rliizome ; aw, adventitious roots. (Somewhat 
reduced. After Strasburoer.) 


Flo. 122. — Bird Cherry (Truman 
arinm). Bud-scales (1-2) and the; 
transition forms (4-6) to the foliage 
leaf (7) ; sp, leaf-blade ; s, leaf-stal k ; 
nb, stipules. (Reduced slightly. 
After Soiienck.) 


calated between the already present leaf-blade and leaf-base ; it is 
never inserted directly on the stem. 

(a) The Leaf-blade. External Form (Fig. 124). — The leaf -blade 
which is as a rule definitely dorsiventral and of a deeper green colour 
on the upper side, may be entire or divided (Fig. 120 0), or composed 
of a number of leaflets. Such compound leaves arise by a process 
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of branching from the margins of the primordia (Fig. 120 A ). The 
leaves of Monocotyledons are usually simple, while compound leaves 
are common among Dicotyledons. 

The margin of simple leaves (Figs. 121 lb, 122 sp) may be entire or slightly 
divided. If more deeply divided the leaf is described as lobed when the divisions 
do not extend half-way to the middle of the leaf-blade, when they reach half-way 
as cleft, and when still deeper as partite. The lamina is palmate (Fig. 138 l) 
or pinnate (Fig. 136, 1-5), according to whether the divisions are directed towards 
the base of the leaf-blade or towards the midrib. Only when the separate divi- 
sions are so independent that they appear as distinct leaflets borne on a common 
petiole or on the original midrib is the leaf spoken of as compound (Fig. 136, 1-5) ; 
in all other cases it is termed simple. The leaflets of a compound leaf may be so 
segmented during their development as to resemble the main leaf, and in this way 
a leaf may be doubly or triply compound or more highly segmented. Simply 
pinnate or bi - pinnate leaves 
bearing leaflets on the two sides 
of the rachis of the first or second 
order are of frequent occurrence. 

In laminae, which become more 
or less branched during their 
development, the lateral divisions 
usually arise in basipetal order, 
i.e. proceeding from the tip to- 
wards the base (Fig. 120 A), but 
the opposite (acropetal ) succession 
or a combination of the two is 
also met with. 

The lobed and frequently 
perforated leaf-blades of the 
Aroid, Monstera , originate by 
islands of tissue between the 
main veins dying and breaking 
down. The divisions of palmate and pinnate leaves of the Palms arise by a 
relatively late process of splitting within the originally entire, enlarging lamina. 
The direction of the dividing lines is determined by the folding of the young leaf- 
blade. Strips of tissue along the upper angles of the folds die, or their cell- walls 
become mucilaginous ( c.g . in Cocos and Chamaerops ) ( 65 ). 

Sessile leaves usually clasp the stem by a broad base. Where, as in the case 
of the Poppy ( Papaver somniferum ), the leaf-base surrounds the stem, the leaves 
are described as amplexicaul. 

The leaf-blade is traversed by green nerves or veins which form 
a branched net- work. The thicker ribs project more or less from the 
surface on the lower side of the leaf, the upper surface often showing 
corresponding grooves. The finer veins become visible when the leaf- 
blade is viewed by transmitted light. Frequently the nerve in the 
middle line of the lamina is more strongly developed and is then termed 
the midrib ; in other cases several equally developed main nerves are 
present. Lateral nerves spring from the one or more main nerves 
(Fig. 124). 



Fio. 123. — Development of the leaf in the Elm, Ulvius 
campestrts. A, Showing the vegetative cone, r, with 
the rudiments of a young leaf, b, still unsegmented, 
and of the next older leaf, exhibiting segmentation 
into the laminar rudiment, o, and leaf-base, g. B , 
Showing the older leaf, viewed obliquely from behind . 
(x 58. After Stkasbuhoer.) 
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The course of the nerves determines what is known as the venation of the 
leaf. The leaves of most Coniferae are uni-nerved. In leaves with more 
numerous veins, the dichotomous venation must be distinguished as a special 
type which is characteristic of many Ferns and is also found in Ginkgo biloba ; 
there is no midrib present in this case (Fig. 620). Most other leaves can be dis- 
tinguished according to their venation as parallel veined or netted veined. In 
parallel venation the veins or nerves run either approximately parallel with each 
other or in curves, converging at the base and apex of the leaf (Fig. 134 s) ; in 
netted veined leaves (Fig. 131) the veins branch off from one another, and gradually 
decrease in size until they form a fine anastomosing network. In leaves with 
j parallel venation the parallel main nerves are 

j S usually united by weaker cross veins. Parallel 

venation is characteristic, in general, of the Mono- 
cotyledons ; reticulate venation, of Dicotyledons 
and of some Ferns. 

Internal Structure. — Foliage leaves 
exhibit considerable variety in structure, 
but are usually markedly dorsiventral 
(bifacial), the tissues towards the upper side 
being different from those below (Figs. 124, 
125). 

Many leaves, however, are similarly constructed 
above and below (equifacial, centric, Figs. 180, 186). 
This is the case especially in forms which grow 
in relatively dry situations, exposed to strong 
sunlight, but also occurs in submerged aquatic 
j plants. 




I s 

Fio. 124.— Diagram of a foliage leaf. 
A, Surface view. B , Transverse 
section ; s, plane of symmetry. 
(After Stbasburqer.) 


(a) Epidermis. — The foliage leaf is 
bounded on all sides by a typical epidermis. 
In this, especially on the under side, there 
are numerous stomata, while on the upper 
side they are often absent (e.g. in almost 
all deciduous trees). 


On the under side there are on the average 100-300 stomata to the square 
millimetre, but in some cases more than 700 may occur. Floating leaves tend to 
have stomata only on the upper surface. 

The epidermis of the leaf may serve for water-storage and in such cases not 
uncommonly consists of several layers of cells. 


( b ) Mesophyll ( 60 ). — The tissue of the leaf-blade between the upper 
and lower epidermis in the intervals between the ribs consists mainly of 
parenchyma and goes by the name of mesophyll. The finer veins are 
embedded in it. Beneath the upper epidermis (Fig. 125 ep) come, as 
a rule, one to three layers of cylindrical parenchymatous cells elongated 
at right angles to the surface. These are called palisade cells 
(Fig. 125 pi ) cf. 126 A ), contain abundant chlorophyll, and have 
narrow, intercellular spaces between them. They constitute an 
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assimilatory parenchyma. The cells often converge below in groups 
(Fig. 125) towards enlarged collecting cells (s). 

In the leaves of many trees, e.g. the Copper Beech, differences in the thickness 
of the palisade layer are met with, its depth being much less in the “ shade-leaves ” 
than in the “ sun-leaves.” According to Nordhausen’s investigations ( 67 ), however, 



Fid. 125.— Transverse section of a leaf of Fagus sylvatlca. cp, Epidermis of upper surface; cp", 
epidermis of under surface ; ep'", elongated epidermal cell above a vascular bundle ; pi, palisade 
parenchyma ; s, collecting cells ; sp, spongy parenchyma ; k , ldioblasts with crystals, in k' 
with crystal aggregate ; ,s t, stoma, (x 300. After Sthasbuboer.) 


no direct influence of the illumination exists. There are also plants {e.g. Laduca 
scariola ) which only form palisade cells in strongly illuminated leaves. 

In some plants layers of cells placed parallel to the surface instead of at right 
angles to it are found in the usual situation of the palisade tissue. In the leaves 


A 


B 




Fm. 126.— Tangential sections through the mesopliyll of the foliage leaf of Hclleborus foetidus. A, 
Falisade cells cut transversely. B, spongy parenchyma, (x 360.) 

of the Pine and some other plants the same position is occupied by large, more or 
less isodiametvic cells the internal surface of which is considerably increased by 
foldings of the cell walls (Fig. 127 A , B fp, c). 

Below the palisade parenchyma comes what is known as the 
SPONGY PARENCHYMA (sp), which extends to the lower epidermis (ep"). 
The spongy parenchyma consists of irregularly -shaped cells with 
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wide intercellular spaces and less chlorophyll than in the palisade 
tissue. The wide intercellular spaces stand in immediate relation to 

the stomata of the 
lower epidermis and 
serve for the trans- 
port of gases to the 
palisade cells. 

IlABEiu.ANDThas esti- 
mated the number of 
chloroplasts per square 
millimetre of a leaf of 
Ricinus to be 403,200 in 
the palisade parenchyma 
and 92,000 in the spongy 
parenchyma. Thus in 
this case 82 per cent of 
the chloroplasts would 
belong to the upper and 
only 18 per cent to the 
lower side. 

Colourless water- 
storage tissue is fre- 
quently present in the 
mesophyll (Fig. 129 W). 

(c) Nerves. — 
Within the nerves or 
veins one or more 
vascular bundles run. 
The abundantbranch- 
ing of these bundles 
to form a fine net- 
work is very charac- 
teristic of the leaf- 
blade and is shown 
clearly in leaf skele- 
tons obtained by 
macerating leaves. 
While the main nerves abut on the epidermis above and below, 
and interrupt the mesophyll, the finer veins are surrounded by 
mesophyll. 

The structure of the vascular bundles in the lamina corresponds on 
the whole to that seen in the stem. In Phanerogams the bundles are 
usually collateral, and since they are continuations of the leaf-trace 
bundles from the stem the xylem is directed towards the upper, and 
the phloem towards the lower surface of the leaf. 

As the bundles continue to ramify in the leaf-blade they become smaller and 
simpler in structure. The tracheae first disappear, and only spirally and reticulately 



Fio. 127. — Leaf of Pant* silcestri.s. A, transverse section. /», 
median longitudinal section, (x 160.) e, epidermis ; $t, sunken 
stomata;/;?, assmiilatorj pareiudiyma with infolded walls; h , 
resin canals, the thin-walled glandular epithelium (el) of which 
is surrounded by a st Iprenehym.itous sheath. <’, portion of 
cell-wall fiom the assimilatory parenchyma, (x 380.) 
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thickened tracheides remain to provide for the water conduction. The phloem 
elements undergo a similar reduction. In Angiosperms, in which the sieve-tubes 
are accompanied by companion cells, the sieve-tubes become narrower, whilst the 
companion cells retain their original dimensions. Finally, in the cells forming the 
continuation of the sieve-tubes, the longitudinal division into sieve-tubes and 
companion cells does not take place, and transition cells are formed. With 
these the phloem terminates, although the vascular portion of the bundles still 
continues to be represented by short spiral tracheides. The ultimate branches of 
the bundles terminate blindly (Fig. 128). 


The needles of Coniferae are usually traversed by 1-2 longitudinally-running 


bundles which do not exhibit branching. 
Along the outer margin of the xylem there is 
a development of peculiar, dead, tracheidal 
cells with bordered pits, while a corresponding 
development of cells rich in albuminous con- 
tents adjoins the phloem. This transfusion 
tissue, which may extend more or less into 
the living tissue of the leaf, facilitates the ex- 
change of material between the nerves and the 
mesophyll. 

The bundles are surrounded by 
parenchymatous sheaths, which are 
composed of a number of layers of cells 
in the thicker nerves but of a single 
layer only in the finer branches. The 
cells of these sheaths are as a rule 
elongated and have no intercellular 
spaces. Strands of sclerenchymatous 
fibres are frequently present on one or 
both faces of the bundle (Fig. 129, 1), 



especially on the phloem side. Here, in 
the case of the larger bundles, the 
strand of sclerenchyma is curved ; in 


Fig. 128. — Termination of a vascular 
bundle in a leaf of Impatient parvi - 
flora, (x 240. After Schenck.) 


cross-section it occupies the projection of the rib to the under side, and 


serves to give rigidity against bending to the lamina. 


In some leaves strands of sclerenchyma also occur between the bundles 
(Fig. 129, 1) and also at the leaf margin. Such sclerenchymatous or collen- 
chymatous strengthenings of the margin are protective against shearing forces 
that would tend to tear the lamina (Fig. 129, 2). Large leaf-blades which lack 
such marginal protection are torn by the wind ( r.g . the Banana, Fig. 853). 

Epithema and Water-stomata {**). — The mesophyll of the leaf- blade in 
certain families of Monocotyledons and Dicotyledons forms peculiar structures 
between the swollen ends of vascular bundles and the epidermis. They are com- 
posed of small living cells with colourless cell-sap, the intercellular spaces being 
tilled with water. These masses of tissue go by the name of epithema and bring 
about the excretion of drops of liquid water. In this process their function is 
mainly passive, since they represent places where the resistance to filtration is 
least. The tracheides terminate in this epithema, and in the overlying epidermis 
there is a peculiarly -constructed stomatal apparatus in the form of water- 
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PORES (Fig. 130), which are of larger size than ordinary stomata. The guard- 
cells may be living and able to open and close the pore, but usually lose their 
living contents and the pore then remains permanently and widely open. The 
thickened ridges so characteristic of the guard-cells of ordinary stomata are usually 
lacking. The excreted liquid frequently contains calcium carbonate, which may 



Fio. 129. — Leaf of Phormium tenax. 1. Transverse section ; Sc , plates and strands of sclerenchyma; 
A, assimilatory parenchyma ; H , epidermis ; W, colourless water-storage tissue. 2. Bdgo of 
the same leaf; E, thick brown epidermis ; R, marginal strand of sclerenchyma fibres. (After 
Noll.) 



remain as a white incrustation over the water-pores, as, for example, on the leaf 
margin in many species of Saxifraga. 

At the tip of young leaves and of their marginal teeth such water-pores and 
epithemata frequently occur, but are dried up on the mature leaf. Water-pores 
also are found at the leaf-tips of submerged plants from which ordinary stomata 

are absent. They tend to perish early, breaking 
down with the adjoining tissue to leave open 
pits by which water and dissolved substances 
may be expressed. 

From nectaries, either in flowers or on other 
parts of the plant, liquid containing sugar is 
excreted from special water-stomata. 

Functions of the Leaf-blade. — The 
leaf-blades, as already mentioned, are 
the most important organs of nutrition, 
i.e. assimilation, and also of transpiration 
in cormophytes. Their form and struc- 
ture, their arrangement, and the position 
they assume with regard to the direction 
of the light, correspond to this. Since 
the decomposition of carbon-dioxide is dependent both on light 
and on the presence of chlorophyll, the green colour of the 

lamina, the large surface exposed by it, its relative thinness 
and dorsiventral construction, are readily understood. The large 
surface enables a greater number of cells containing chlorophyll 

to be exposed to the light without shading one another ; it 
also enables the carbon - dioxide to be obtained from the small 
proportion in the atmosphere, and at the same time facilitates 
the loss of water-vapour in transpiration. Since the passage of light 
through a few layers of cells filled with chlorophyll renders it 

ineffective for decomposing carbon-dioxide in the deeper layers, the 


[c:. 130. -Water-pore from tin; margin 
of a leaf of Tropacolum majus, with 
surrounding epidermal cells, (x 160. 
After St hash u rg er. ) 
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assimilatoiy tissue is placed towards the upper surface of the leaf- 
blade. The carbon-dioxide is mainly taken into the leaf through the 
stomata of the lower surface. It can thus diffuse rapidly through the 
wide intercellular spaces of the spongy parenchyma, which is essentially 
a ventilating tissue, to the active assimilatory tissue of the upper side. 
This will take place more rapidly the thinner the leaf is. 

The extensively-branched network of vascular bundles ensures the 
rapid passage of the products of assimilation from the assimilatory 
cells of every part of the leaf to the stem. At the same time it 
facilitates the most direct supply of water to all parts of the transpir- 
ing leaf-blade ; the leaf-blade serves for giving off water, while the 
stem serves for conduction of water. Lastly, the venation increases 
the rigidity of the lamina. 

It has been seen that the leaves are so arranged on the stem that 
the leaf-blades, which on erect shoots have a more or less horizontal 
position, are exposed 
to the light with the 
least shading by one 
another. Many leaves 
can place their blades 
at right angles to the 
incident light by their 
power of movement. 

In the case especially 
of dorsiventral, plagio- 
tropous branches the 
leaf-blades seen from 
above are found to fit together more or less closely in a leaf-mosaic, 
the upper surfaces of all being exposed to the light. 

(b) The Leaf-stalk usually resembles a stem, and in its internal construction 
agrees with the midrib of the leaf-blade or sometimes with the stem. Typical 
assimilatory tissue is wanting, and the vascular bundles in the case of Angio- 
sperrns are usually arranged in an arc, open above. The leaf-stalk serves to carry 
the leaf-blade away from the stem and to place it suitably with respect to the 
light. 

These movements of adjustment of the leaf to the light are sometimes carried 
out by special localised swellings at the base or the summit of the leaf-stalk, or 
in both situations. These leaf-cushions or pulvini work like hinges and occur 
in many Leguminosae (Fig. 131). 

The leaf-mosaics formed by the current shoots of woody plants depend not only 
on movements of the leaves but on the various lengths of the petioles and the 
various sizes of the leaf-blades. The lower leaves have much longer stalks (and 
larger blades) than the upper ones. This is seen in the Sycamore and Horse- 
Chestnut and very beautifully in the floating rosettes of the Water Nut ( Trapa 
natans). 



Fio. 131.— Imparipinnate leaf of Pliaseolw with pulvini. hg , Main 
pulvinus at base of petiole ; fg t pulvinus of one of the pinnae. 
(1 nat. size.) 


(e) The Leaf-base ( 69 ). — When the leaf-base of a foliage leaf is 
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specially formed, it usually serves to protect the bud and the younger 
leaves, enclosing the bud after the leaf-blade has unfolded. 

Stipules are frequently developed from the leaf-base ; they stand 
one on either side of the leaf to which they belong, forming a pair 
(Fig. 123). They may be inconspicuous (Fig. 122 rib ) or larger, and yellow 
or green in colour. When they serve only to protect the bud they are 
usually yellowish or brown, more simple in their structure than the 
leaf-blade, and are soon shed. 

When the stipules take part in the assimilation of carbon-dioxide 
they are green and resemble the leaf-blade in structure (Fig. 202). 

The arrangement of the stipules exhibits considerable variety. In many 
plants they occur as two free leaflets (Fig 122 nb). In others each stipule is united 
by one margin to the base of the petiole (sheathing stipules, Fig. 132 A) ; or they may 
be connected in various ways so as to form a tongue-shaped structure in the leaf-axil 
(axillary stipules, Fig 132 B) or so as to form a single structure on the opposite 



Fig. 182 .— Stipules at the bases of petioles 
of the White Water Lily {Nymphaea allxi). 
A, sheathing stipules ; B, Axillary 
stipules. (After GlCck.) . 



Fig. 133.— Node of Paronychia argentea 
(Cargophyllaceae). Right and left the 
leaves of a pair; in front and behind 
the interpetiolar stipules, (x 2£. 
After GlOck.) 


side of the stem from the leaf (opposed stipules). When the leaves are opposite 
the stipules may be united in pairs so as to give rise to interpetiolar stipules 
(Fig. 133). The stipules of a leaf may also surround the stem and form a closed 
tube which encloses the younger leaves of the bud. This is the case in the 
India Rubber plant ( Ficus elastica) which is frequently grown in dwelling-houses ; 
in this the sheaths are broken off at their bases and carried up on the next younger 
leaf as it unfolds. In the Polygonaceae they are broken through and remain as a 
dry sheath (ochrea, Fig. 648) surrounding the stem. 

In some species of Galium in which the stipules completely resemble the 
leaf- blades, there is an appearance of whorls of four, six, or eight leaves; 
in reality the arrangement of the two leaves is decussate, each leaf having one or 
more pairs of stipules according to the species. Only the two leaves have buds in 
their axils. 

The leaf-base may form a sheath ; this is more commonly the case 
in Monocotyledons than in Dicotyledons {e.g. Umbelliferae). In the 
Grasses (Fig. 134 v) the sheath is split along one side, but in the 
Cyperaceae it is closed. The sheath of the grass leaf, which encloses 
and supports the lower delicate portion of the still growing internode, 
continues at the base of the sessile lamina into a membranous out- 
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growth called the ligule (l) ; at its base immediately above the node 
the sheath is swollen (Fig. 134 k). 

Heterophylly and Anisophylly. — Some plants bear diversely- 
formed foliage leaves either in different zones of the stem (hetero- 
phylly, Fig. 135, 136) or in the same zone, but on the two sides of 
the shoot which thus becomes dorsiventral (anisophylly, Fig. 137). 
Asymmetry of the leaves is often associated with anisophylly. Many 



Haulm ; v } loaf-sheath ; h% swelling of 

the leaf-sheath above the node; s, Fio. 135. — Ranunculus atiuatilis . ub , Submerged 
part of leaf-blade ; l, ligule. (Nat. leaves ; sb, floating leaves ; b t flower ; /, fruit, 

size. After Schenck.) (Reduced. After Schenck.) 

water-plants exhibit heterophylly, having ribbon -shaped or highly- 
divided submerged water -leaves adapted to life in water and less 
divided stalked aerial leaves (Fig. 135). The leaves which the Ivy 
forms on the flowering shoots are essentially different in form from 
those which the plant has previously borne. This difference is even 
more marked in Eucalyptus globulus , which first bears oval sessile leaves 
and then sickle-shaped leaves. Not uncommonly the lowest leaves 
of the seedling (juvenile or primary leaves) are more simply formed 
than the later leaves. 


l 
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B. The Seed-leaves or Cotyledons may be stalked or sessile, and 
are always more simple in form than the foliage leaves. They often, 
however, exhibit the same plan of segmentation. 

The cotyledons may remain below the soil enclosed in the seed -coat 
(hypogeal). In this case they are usually fleshy structures serving to store 
reserve food-material and are composed largely of storage-parenchyma. Epioeal 
cotyledons, which burst the seed-coat and appear above ground, tend to become 
green and then for a period assimilate carbon-dioxide like the foliage leaves. 



Fin. 136. — Seedling of Acacia pycnantha. The cotyledons 
have been thrown off. The foliage leaves 1 - 4 are pinnate, 
the following leaves bipmnate. The petioles of leaves 
5 and 6 are vertically expanded ; and in the following 
leaves, 7, 8, 9 , modified as phyllodes, bearing nectaries, 
n. (About £ nat. size. After Schenck.) 


C. The Scale - leaves 
and Bracteal Leaves, while 
indistinguishable from the 
foliage leaves in the early 



Fig. 137 .— Selaginella Martensii, Ani- 
sophylly of the dorsiventral shoot. 
On the upper side of the stem aie 
two rows of smaller asymmetrical 
green leaves and on either Hank a 
row of larger asymmetrical lea\es 
(slightly magnified). 


stages of development, are less differentiated than these when mature, 
being usually scale-like and sessile. They are developed by enlargement 
of the primordia, mainly from the leaf-base, while the lamina remains 
more or less undeveloped (Fig. 122 1-6, Fig. 138). Scale-leaves, either 
colourless or green, often occur on the aerial shoots before the foliage 
leaves (Fig. 121 nd). They are also the only foliar organs on rhizomes, 
appearing as hardly visible and usually short-lived scales, while, in 
accordance with the development in darkness, foliage leaves are wanting 
(Fig. 121 ws y Fig. 139). The bracteal leaves, on the other hand, 
resemble in construction the scale-leaves on aerial shoots, but are often 
variously coloured and tend to succeed the foliage leaves as the 
subtending leaves and bracts of the flowers or inflorescences. The 
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Fio. 138 . — Helleborus foetidus. Foliage leaf ( l ) 
and intermediate forms between this and 
the bract (/i). (Reduced. After Schenck.) 


internal structure of both scale-leaves and bracts is simpler than that 
of the foliage leaves. They hardly take part in the nutritive processes, 
but are usually protective structures for the young leaves or the buds. 
They are, however, connected with 
the foliage leaves by intermediate 
forms (Figs. 122, 138). 

That scale-leaves and bracts are to be 
regarded as arrested forms of foliage leaves 
is shown not only by the developmental 
history but by the possibility of deriving 
foliage leaves from their rudiments or 
primordia. Thus Goebel succeeded in 
causing leaf-primordia that would have 
formed scale- leaves to become foliage leaves 
by removing the apex and stripping the 
leaves from the shoots. Subterranean stems, 
when forced to develop in the light, form 
foliage leaves from the primordia which in 
the earth would have become scale-leaves. 

In their internal structure, however, the 
scale - leaves and bracts are not merely 
arrested foliage leaves but frequently exhibit 
special differentiations connected with their 
particular functions ( 70 ). 

3. Duration of Life of Leaves. — In many plants the leaves have 
a shorter life than the stems on which they are borne. The leaves in 
such plants are shed from the stems (leaf-fall) or, in the case of 

subterranean shoots, decay 
while still attached. The 
leaves and stems of the 
aerial shoots of herbs die 
off together. Leaf-scars 
mark the places where the 
fallen leaves were attached 
to the stem. Plants in 

which the foliage leaves 
remain active for several 
seasons are called EVER- 

Fio, 139.— Rhizome of rotygonatum vndtijlorum. a, Bud of . . , , 

next year’s aerial shoot ; Hear of this year's, amlc, d, e, GREEN 111 Contrast tO 

scars of three preceding years’ aerial shoots ; w, roots. DECIDUOUS forms. 

(| nat. size. After Schenck.) 

The fall of the leaves in 
phanerogamic woody plants is effected by means of a parenchymatous absciss 
layer ( 7l ) which is formed at the base of the leaf-stalk shortly before the 
leaf is shed. In this region all the mechanical tissues of the petiole are greatly 
reduced, only the vessels being lignified. The separation of the leaf results 
from the rounding off of the cells of the absciss layer, the middle lamellae 
becoming mucilaginous, while the vessels and sieve-tubes are broken through. 
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The protection of the leaf-scar is effected by the cells exposed by the wound 
becoming transformed into a ligniiied cutis-tissue and, later, by the formation of 
a layer of cork produced from a cork-cambium and continuous with that covering 
the stem. 


(5) The Branching of the Shoot ( ,r,8 > 72 ). — The more foliage 
leaves that can be exposed to the sunlight on a shoot the greater 
will be the amount of organic substance formed by assimilation. In 
this respect, as will be evident, a branched system of shoots is greatly 
superior to a single erect shoot. 

As in thalloid plants the branching of the shoot can happen in 
two ways. Rarely the shoot forks, dividing into two daughter-axes 
(dichotomy). Usually the branching is lateral, the daughter-axes 
being thus formed on the main axis, which continues its growth. 

A. Dichotomous Branching. — 
This is confined to the shoots of 
some Lycopodiaceae. 



Fig. 140.— Longitudinal section of a bifurcat- 
ing shoot (p) of Lycopodium nl.pinum , 
showing equal development of the rudi- 
mentary shoots, p’, p " ; h t leaf-rudiments ; 
c, cortex; /, vascular strands, (x 00. 
After Hegelmaier.) 




■fti 


Fig. 141.— Syiupo- 
dium arising 
from successive 
dichotomies. 


Fio. 142.— Bifurcating shoot 
(p) of Lycopodium inun- 
dotuvi , showing unequal 
development of t, lie rudi- 
mentary shoots, p" ; 
b, leaf-rudiments. ( x 40. 
After IIkgki.maikk.) 


In such Club-Mosses, when a shoot is about to divide into two equal branches, 
the circular outline of the growing point, in which no apical cell is recognisable, 
becomes elliptical. In the position of the foci of this ellipse the two new growing 
points project (Fig. 140). Not uncommonly in plants of this kind ( c.g . in 
Selaginclla) the branch-system deviates from the type described in that only 
one of the branches of each fork grows on further and again dichotomises 
(Fig. 141). If all the branches that in this way continue the branching are placed 
nearly in the same direction to which the other branches stand obliquely, the 
branch-system which results may readily be confused with racemose branching 
(Fig. 79 b). The main axis is, however, only apparently single, each portion 
being a daughter-axis of the portion that precedes it. Such an apparent axis 
is distinguished as a symtodium from a true main axis (monopodium), and the 
branching is sympodial and based on dichotomy. 

All transitions from dichotomous to lateral branching arc seen in the 
Lycopodiaceae. Some species form from the outset two growing points of unequal 
size, the smaller being soon displaced laterally in respect to the larger one (Fig. 142). 
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B. Lateral Branching:, (a) Place of Origin of the Lateral 
Buds. — On shoots composed of axis and leaves the lateral branches 
as a rule occur on the axis or at the extreme base of the leaf. They 
are usually developed at the growing point of the parent-shoot in 
acropetal succession as exogenous outgrowths of the surface, in the 
same way as the leaf-primordia arise (Fig. 94 g). The positions in 
which the lateral shoots are developed are usually strictly determined. 
In Pteridophyta they frequently arise beside the leaf-primordia, but 
in Phanerogams, as a rule, where the upper side of the papilla forming 
the young leaf passes into the tissue of the growing point, i.e . in the 
LEAF axil. In some cases the branch is more on the leaf-base, in 
others it is distinctly on the main stem. 

The primordium of a lateral branch may arise from the tissue of the axis close 
above the leaf-primordium and either after the origin of the latter (Fig. 143 I) 
or before the leaf has developed. In the latter case the leaf-rudiment arises from 



Fig. 143.— Diagrams of the developmental relations between the leaf-primordium and the axillary 
shoot. (After Goebel.) 


the tissue to the lower side of the branch-prim ordium (Fig. 143 III), On the 
other hand, the branch may be formed from the young leaf-primordium (Fig. 
143 II). 

In the longitudinal section of a growing point in Fig. 94 the 
youngest rudiment of a lateral shoot ( g ) is already visible, projecting 
in the axil of one of the uppermost leaves. In the axils of the 
following leaves the branch-primordia, since they arose in acropetal 
succession, are larger and have begun to form their leaves. The 
shoots developed from such axillary buds are termed axillary 
shoots ; the bud which terminates the growing end of the main shoot 
is termed, in contrast to the axillary buds, a terminal bud. The 
leaf, in the axil of which a bud stands, is its subtending leaf (Fig. 
145 db). The plane passing through the midrib of this leaf and the 
parent-axis is the median plane of the leaf. Usually the axillary 
bud is situated in the median plane of its subtending leaf, but it 
may be displaced laterally. It is the rule in Angiosperms that each 
foliage leaf has an axillary bud ; in some Gymnosperms, on the 
other hand, there is not an axillary bud to every leaf. 
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As a rule, only one bud develops in the axil of a leaf, but there are instances 
where it is followed by additional or accessory buds ( 73 ) ; these either stand over 
one another (serial buds), as in Lonicera , Robinia , Gleditschia, Gymnocladus, or 
side by side (collateral buds), as in many Liliaceae, e.g. species of Allium and 
Muscari. 

A displacement from the position originally occupied by the members of a shoot 
frequently results from intercalary growth. A bud may thus, for example, become 



Fio. 144. — A, Cuphea lanceolate (Lythraceae), the vegetative axillary shoot in the axil of the 
lowest leaf on the left is not displaced ; the shoot belonging to the lowest leaf on the right has 
formed a flower and is adherent to the stem to the level of the next pair of leaves. ($ nat. 
size.) B. Sainolus valerandi (Primulaceae). The bract, (, is carried up on the axillary shoot, a, 
which ends in a fruit. (Nat. size. After Schenck.) C. Leaf of Helwingia (Cornaceae. East 
Asia.) The small male?inflorescence is adherent to the foliage leaf to the middle of its lamina. 
(After Siebold and Zuccarini.) 

pushed out of the axil of its subtending leaf, and thus apparently have its origin 
higher on the stem (Fig. 144 A ) ; or a subtending leaf in the course of its growth 
may carry its axillary bud along with it, so that the shoot which afterwards 
develops seems to spring directly from its subtending leaf (Fig. 144 C) ; or, finally, 
the subtending leaf may become attached to its axillary shoot, and, growing out 
with it, may thus appear to spring from it (Fig. 144 B ). 

Shoots developing in predetermined positions on young parts of the plant are 
designated normal, in contrast to adventitious shoots, which are produced 
irregularly from the old or young portions of a plaut, such as stems, roots, or leaves, 
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and usually arise from permanent tissue which returns to the meristematic condi- 
tion. Less commonly they develop from meristematic tissue persisting in their 
place of origin. Adventitious shoots, which arise from the older parts of stems or 
roots, are almost always endogenous. They must penetrate the outer portions of 
their parent-shoot before becoming visible. Adventitious shoots formed on leaves, 
however, arise, like normal shoots, exogenously. 

Such adventitious shoots frequently spring from the roots of herbaceous plants 
{Convolvulus arvensis , Rumex acetosella ), or of bushes ( Rubus , Rosa , Corylus), or 
of trees (Populus, Ulmus, Robinia). They may even develop from leaves, as in 
Cardamine pratensis, Nasturtium officinale, and a number of Ferns. An injury 
to a plant will frequently induce the formation of adventitious shoots, and they 
frequently arise from the cut surface of stumps of trees. Gardeners often make 
use of pieces of stems, rhizomes, or even leaves (Fig. 260) as cuttings from which 
to produce new plants ( 74 ). 

(b) The Position of the Leaves of Lateral Buds. — When the relations of position 




Fig. 145. — A, ground plan or diagram, and B , lateral view of a lateral bud of a Monocotyledon 
with a divergence of in, parent-axis; db, subtending leaf borne on tlm ; t, the daughter- 
axis ; vb, bracteolo on this ; h, posterior, and v, anterior sides of the daughter- shoot. 

in a lateral branch of any order are to be examined, the branch is placed with its 
subtending leaf (Fig. 145 db), towards the observer (anterior), and the parent- 
axis posterior (Fig. 145 wi), and so that the median plane of the subtending leaf 
coincides with that of the observer. This median plane is then also the median 
plane of the axillary shoot (cf. Fig. 145 t). The plane at right angles to the 
median plane of the axillary shoot is then the transverse plane of the latter 
(cf. Fig. 145 A). Structures on the lateral branch which lie between the transverse 
plane and the subtending leaf are termed anterior (?•), while those lying between 
the transverse plane and the parent-axis are posterior ( h ). Right and left are 
applied to structures lying laterally with respect to the median plane. Median 
and transverse are applied to structures falling in these planes, while diagonal is 
used to refer to structures placed obliquely, i.e. between the median ami tiansverse 
planes. 

Independently of the phyllotaxis, the lowest leaves of a lateral bud which come 
next above the subtending leaf tend to occupy a definite position in relation to the 
latter and to the parent-axis. They connect the phyllotaxy of the lateral branch 
with that of the main shoot. In Monocotyledons there is one such rracteole 

12 
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(Fig. 145 vb), while in Dicotyledons there are two bracteoles ; they are usually 
scale or bracteal leaves. The bracteole in Monocotyledons is median and stands on 
the posterior side of the branch towards the main axis. It frequently has two 
lateral veins appearing as keels, while a middle vein is wanting (Fig. 145 A) ; it 
may thus be regarded as arising from the union of two lateral bracteoles ( 78 ). In 
Dicotyledons the two bracteoles (a and p) stand as a rule right and left in the 
transverse plane, the later leaves following in a different arrangement. 

Apart from this the lateral buds may show the same leaf-arrangement as the 
parent-axis or may differ from this. 

When the phyllotaxy is spiral the genetic spiral of the branch may either run 
in the same direction as that of the main axis (homodromous) or in the opposite 
direction (antidromous). 

(e) Construction of the Branch System. — The general aspect or 
habit of every shoot-system depends, in addition to the direction of 
growth of its main axis, on the following features : the number of 
orders of lateral axes that develop ; the position on the main axis 
of the buds which grow out as lateral branches ; the intensity of the 
growth and the orientation of the lateral axes of various orders in 
relation to one another and to the parent-axis. The variety in the 
general habit of the shoot-systems frequently also stands in relation 
to the mode of life of the plants. 

1. Direction of Growth of the Main Axis of the Shoot- 
System. — This, in the first place, determines the general type of the 
shoot-system. 

If the main axis stands at right angles to the soil, the shoot is termed 
ortUotropous and the plant erect. In this case the more or less plagiotropous 
and dorsiventral lateral branches tend to be distributed radially when the plant is 
growing freely. If the main axis is growing obliquely or horizontally, and is thus 
plagiotropous, the arrangement of the branches is usually dorsiventral ; when 
such a main axis with its lateral branches remains on the surface of the soil or 
grows horizontally beneath this, the plant is creeping. The lateral branches tend 
to come from the flanks and the roots from the lower surface of the main stem 
In such a plant, when lateral branches grow up at right angles to the soil, they 
behave as regards their further branching like erect plants. 

2. The Order of Sequence of Shoots. — If the vegetative cone of the primary 
axis of a plant, after reaching maturity, is capable of reproduction, a plant with 
but one axis will result, and the plant is designated uniaxial or haplocaules- 
cent. Usually, however, it is not until a plant has acquired axes of a second 
or third order, when it is said to be diplocaulescent or triplocaulesgent, or 
of the nth order, that the capacity for reproduction is attained. A good illustra- 
tion of a plant with a single axis is afforded by the Poppy, in’ which the first 
shoot produced from the embryo terminates in a flower. As an example of 
a triplocaulescent plant may be cited the common Plantain (Plantago major), the 
primary axis of which produces only foliage and scale leaves ; while the secondary 
axes give rise solely to bracteal leaves, from the axils of which finally spring 
the axes of the third order, which terminate in the flowers. In the case of 
trees, only shoots of the nth order can produce flowers. Thus a division of 
abour commonly occurs in a branched plant, which finds its expression in 
differences of form between the successive shoots. These differ in appearance 
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according to the special function performed by them, whether nutrition, storage, 
or reproduction. In addition to the essential members in the succession of shoots 
developed in a determined order, there are non-essential members which repeat 
forms of shoot already present. These may appear simultaneously with the 
essential shoots, and serve to increase the size of the plant, as in many annuals ; in 
many perennial plants they arise as yearly innovations on the stock. 

3. The Distribution of Unfolding Buds. — Only in relatively 
few cases, as, for example, in herbs, do all the lateral buds of a main 
axis proceed to grow on as shoots. As a rule many more lateral buds 
are formed than ever unfold. The remainder become dormant buds 
or perish. It would be a needless or even injurious expenditure of 
material on the part of the plant were all the buds to expand, since 
the branches would overshadow one another and some would perish. 

Almost all trees possess, especially in the lower region of each annual growth, 
such dormant buds, which remain for a longer or shorter period capable of further 
development and can unfold under special conditions. The dormant buds of the 
Oak, Beech, etc., may be a hundred years old. The shoots that arise on old stems 
often come from these buds and are thus not adventitious. 

The unfolding of lateral buds may proceed acropetally or basi- 
petally, or exhibit no definite order. On highly -branched shoot- 
systems the more peripheral buds are favoured, since they have the 
best opportunity of favourable exposure of the leaves to the light. 

Nearly all our native trees form only resting buds through the summer while 
the main shoots are elongating. Later, usually at the commencement of a new 
period of growth, some of the uppermost buds formed in the preceding season 
grow into lateral branches. These branches may form a whorl or an apparent 
whorl ( Araucaria , Pinus) ; more commonly the highest buds form long shoots 
while those below them become short shoots (Pear, Apple). 

4. Direction and Intensity of Growth of the Lateral 
Branches in Relation to One Another. — The lateral angle 
between adjacent lateral branches on an orthotropous branch may 
be very constant in any kind of plant ( e.g . in Araucaria or Pinus). 

On the other hand, the intensity of growth of the lateral axes on the 
same main axis may show much variety. Frequently, with the 
appearance of a division of labour, only some of the branches are of 
unlimited growth, the others forming short shoots. The latter have 
usually a shorter life, tend not to branch, and do not take part in the 
persistent branch-system of the tree. In the Larch (Fig. 628), for 
example, the short shoots form short rosettes of needles on the older 
shoots of unlimited growth; cf. also the Pine (Fig. 627). 

5. Direction and Intensity of Growth of the Lateral 
Branches in Relation to the Main Axis. Different Types of 
Lateral Branching. — The angle at which the lateral branch is 
inclined to its main axis also tends to be very constant in any species. 
It is usually less than 90°, rarely greater. 
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The lateral branches may grow at the same rate as the parent- 
axis, or less rapidly, or much more rapidly. In the last case they 
take precedence of the main axis, the growth of which may cease 
entirely, while one or more lateral branches take over the continuance 
of the branching. Diversity in the resulting branch -systems must 
evidently result from such differences in the growth of the daughter- 
and parent-axes. This has led to the distinction of various types 
of lateral branching, a knowledge of which is indispensable to the 
understanding of the morphological construction of the higher plants. 
The differences are especially well seen in the inflorescences of the 
flowering plants (cf. Special Part). It is characteristic of many 
inflorescences that the axillary buds of all the bracts are developed 
further. Owing to this the inflorescences, in contrast to the vegetative 
shoot-systems, form crowded branch-systems. 

(a) The term racemose branching is applied when the main axis 
grows MORE actively than the lateral axes of the first order, and 
these in turn more actively than the branches of the second order 
arising on them; also when the main axis grows as actively as its 
daughter axes. In the former case a true main axis or MONOTODIUM 
can be followed throughout the entire branch-system (cf. Fig. 79 b). 
Such typical monopodial branching is exhibited, for example, by 
the Pine and other Conifers with a pyramidal outline ; the radial 
orthotropous main shoot grows vertically upwards under the influence 
of gravity (cf. p. 341), while the dorsiventral lateral branches of 
the first order diverge on all sides horizontally from the main axis. 
If the lateral branches of the first order grow erect, as in the Cypress 
and in many shrubs, there may be no difference in length between 
them and the main axis ; the branch-system has in such cases an oval 
or spherical form. 

(b) The term cymose branching is applied when the main axis 
grows LESS STRONGLY than the lateral axes, which continue the 
branching and in their turn are overtopped by the branches they bear. 
The resulting appearance differs according to whether several, equally 
strohg, lateral axes of the same order, or only one lateral axis, 
continue the branch-system. In the latter case an apparent main 
axis or SYMPODIUM is formed. 

In many cases of cymose branching the parent-axis not merely grows more 
slowly than the daughter-axes but its tip dies or is cast off. This happens in 
many of our trees such as the Willow or the Lime. 

I. If more than two lateral branches of the same order continue the branching 
the term pleiochasium is used. Such lateral branches are usually approximated 
to the upper end of the parent axis and radiate on all sides obliquely upwards, in 
some cases being arranged in a whorl. The inflorescence of Euphorbia affords an 
example. 

II. If two lateral branches of the, same order continue the branching and stand 
opposite to one another, forming an acute or right angle, the term dichasium is 
used. This is shown diagrammatically in Fig. 146, with which the dichasial 
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inflorescence in Fig. 558 may be compared. A branch system of this kind, another 
example of which is afforded by the Mistletoe, which grows parasitically on trees, 
simulates a dichotomy (Fig. 652). The successive pairs of lateral branches do not 
lie in one plane as in the diagram but stand at right angles to one another 
so that they diverge on all sides. Only a ground plan (Fig. 148 E) can therefore 
represent the true arrangement of the members of the branch- system. 

III. When the branching is continued by a single lateral branch the term 
monoohasium is used. Frequently this branch continues the direction of the 
parent-shoot, the tip of which is displaced to one side (Fig. 147). In this way 
a branch- system with a sympodial axis composed of lateral members of successive 
orders is formed, as was seen to be the case sometimes in dichotomous branching 
(p. 116). Such a branch-system may closely resemble monopodial branching, 
especially when, as is frequently the case, the sympodium stands vertically and 
the arrested ends of the branches appear as if borne laterally upon it. They 
are distinguishable from truly lateral branches, however, by the regular absence 
of a subtending leaf, while a 
leaf which stands opposite to \ s 
each apparent branch is really 
the subtending leaf of the 
daughter-shoot that continued 
the sympodium (cf. Fig. 147). 

The further branching may also 
be sympodial. The branching 
of many trees, such as the Lime 
and Beech, is of this nature, 
but the sympodial construction 
is not recognisable in the 
stems and branches. It remains 
evident, however, in many sub- 
terranean shoots such as the 
rhizome of Polygonatum multi - 
florurn (Fig. 139). The terminal bud of each year’s growth becomes the aerial 
shoot, while an axillary bud continues the growth of the rhizome in the soil. 

According to the relation of the lateral shoots of different orders to each other 
there arise monochasial branch-systems of diverse and very characteristic construe 
tion. The branching frequently proceeds from the axil of a bracteole. 

A. The median plane of all the lateral shoots may coincide with the median 
plane of the lateral shoot of the first order. 

(a) The successive lateral branches are on the anterior side of the parent-axis, 
i.e . between the latter and the subtending leaf (cf. p. 119). In lateral view they 
thus fall on the same side, drepanium (Fig. 148 (7, D). 

(p) The successive axes stand on the posterior side of the parent-axis (cf. p. 119) 
and in lateral view appear alternately right and left, rhipidium (Fig. 148 A , #). 

B. The median plane of each lateral shoot (of the 1st, 2nd, 3rd order, etc.) 
is always transverse, i.e . right or left of the median plane of the subtending leaf 
on the parent-shoot. Such branch-systems can only be represented in ground plan. 

(a) The successive lateral shoots are placed always to the same side, either to 
the right or the left, bostryx (Fig. 148 F). 

(P) The successive lateral shoots stand alternately to the right or left, cincinnus 


U 

Fio. 146.— Diagram of the 
Dichasium. H, Axis of 
the seedling ; 1, i , 3, 
daughter-axes of the cor- 
responding first, second, 
and third orders. 


II 

Fio. 147. — Diagram 
of the Monocha- 
sium. Cf. Fig. 
148. 


(Fig. 148 G). 

The bostryx and cincinnus are readily understood by deriving them from the 
ground plan of the dichasium (Fig. 148 E). 
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Various types of branching are frequently combined in one branch-system. 
Thus cymosely-branched lateral shoots may be borne on the racemose main shoot. 
Thu combinations are especially varied in the case of inflorescences (cf. the Special 
Part). 

(b) The Root ( 76 ) 

The roots of plants, which are usually situated in the soil (subter- 
ranean roots) and less commonly exposed to the atmosphere (aerial 




Fig. 148. — ^4, Rhipidium from the side; B, rhipidium in ground plan; C, dre- 
panium from the side ; D> ground plan of drepanium ; E , ground plan of 
dichaHium (the red line indicates the mode of derivation of the cmcinnus 
and the blue line of the bostryx); F, ground plan of bostry\ ; (»', ground 
plan of cincmnus. i-.9, successive, relatively mam axes. In older to make 
the relations clearer the successne axes in A-D and F, (l ate indicated in 
different colours. The subtending leaf borne by each axis lias the same 
colour as the axis from which it springs. (A-G, after Eiuilmi, the rest 
modified trom Kahsten.) 

roots), never bear leaves. In this respect, as well as by the absence 
of the green colour, their appearance differs from that of shoots ; even 
of colourless subterranean shoots. Their chief functions are to attach 
the plant to the soil and to absorb from this water and salts that 
are conducted to the shoot-system. The functions of roots are thus 
very different from those of most shoots. 
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1. Growing Point — The root grows in length at the tip, exhibiting 
APICAL GROWTH by means of its conical growing point. The latter 
requires to have the thin-walled meristematic cells specially protected, 
since, as the root grows, it is forced forwards like a needle between the 
angular particles of the soil. This protection is afforded by a special 
organ composed of permanent tissue which is called the ROOT-CAP or 
calyptra ; it covers the tip of the root as a thimble does that of the 
finger, the true growing point having an intercalary position within 
the tissue of the root-tip. The outer cell- walls of the root-cap become 
mucilaginous, and this makes the forward passage of the root easier. 
The root-cap is usually 
only recognisable in me- 
dian longitudinal sections 
through the root-tip (Figs. 

149, 150), but in some 
cases ( Pandanus ) the cap 
is to be clearly seen on 
the intact root. 

The very noticeable caps on 
the water-roots of Duckweed 
( Lemna ) and of some Hydro- 
charitaceae are not really root- 
caps, as they are not derived 
from the root, but from a 
sheath which 'envelops the 
rudimentary root at the time 
of its origin. They are accord- 
ingly termed uoot-vockets. 

The root-pocket performs all 
the functions of a root-cap. 

In resting periods, when 
the growth of subterranean 
roots has ceased, the parenchy- 
matous cells of the root-cap may become corky or converted into a cutis tissue 
which further encloses and protects the root-apex ( 77 ). 



Fio. 140.— -Median longitudinal section of the apex of a root 
of the Fern, Pteridium creticum. t , Apical cell ; k, initial 
cell of root-cap; fc», root-cap. (x 160. After Stras- 

BUROER.) 


The growing point of the root is composed of meristematic cells 
from which the permanent cells of the root-cap are derived on the 
side towards the tip and the permanent tissue of the root on the 
basal side. 


In most Pteridophytes the root, like the shoot, has a three-sided apical cell 
(/, Fig. 149) with the form of a three-sided pyramid. In addition to the segments 
cut off parallel to the three inner walls which contribute to the root itself, 
segments are formed parallel to the outer wall (k). These undergo further 
divisions and form the root-cap. 

The growing points of the roots of Phanerogams, on the other hand, have no 
apical cells. They consist of equivalent meristematic cells that are frequently 
arranged in regular layers. The apex of a root of one of the Gramineae (Fig. 150) 
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may be described as an example. The stratified meristem, from which the 
permanent tissue of the root arises, is separated into an outer layer of cells, the 
dermatogen ( d ) ; a central region formed of several layers which gives rise to the 
central cylinder of the root and is called the plerome {pi ) ; and into a number 



Fig. 150. — Median longitudinal section of the apex of a root of the Barley, Hordeum rulgare. 
k, Calyptrogen; d, dermatogen; c, its thickened wall; pr , periblem; pi, plerome; en f endodennis; 
i, intercellular air-space in process of formation ; a, cell-row destined to form a vessel ; 
r , exfoliated cells of the root-cap ; s, large, moveable, starch grains in the cells of the root-cap. 
(x 180. After Str.A8Bur.ger and Koernicke— modified.) 

of layers between the dermatogen and plerome which form the periblem. The 
dermatogen ( d ) and periblem {pr ) unite at the apex in a single cell-layer, outside of 
which lies the calyptrogen {k) or layer of cells from which the root-cap tabes its 
origin. 

In many other roots, however (in the majority of Dicotyledons), the formation 
of the root-cap results from the periclinal division of the dermatogen itself, which, 
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in that case, remains distinct from the periblem. In Gymnosperms, and in many 
Leguminosae, the dermatogen, periblem, and calyptrogen are not marked out as 
distinct regions. 

2. External Features of the Root. — Behind the growing point 
the meristematic cells enlarge greatly as they are transformed into 
permanent tissue, a marked elongation of the root accompanying these 
processes. By this growth in length, which begins close behind the 
apex and in subterranean roots is limited to a zone only 5-10 mm. 
long, the root becomes a cylindrical colourless structure. 

The zone of elongation in aerial roots may be many centimetres in length. Its 
shortness in subterranean roots is evidently connected with the conditions of their 
life. 


At some distance from the root-tip, about the region where growth 
in length ceases, the root-hairs ( 78 ) (Fig. 151, Fig. 152 r), which are 




Fig. 151. — Epidermis of the root in longitudinal section showing root-hairs (£) 
and their origin (A). (After Rotfiert, semi -diagrammatic.) 


important appendages of subterranean roots, appear. They are 
localised tubular protrusions of the living epidermal cells with thin 
walls covered with mucilage. When seedlings, e.g., of Wheat are grown 
in a moist chamber they can be seen with the naked eye, forming a 
delicate down on the surface of the root. They occur in enormous 
numbers (e.g. about 420 per sq. mm. in Zea Mays). Their length 
varies, according to the kind of plant, between 0*15 and 8 mm. They 
enlarge the surface of the root greatly (in Pisum, for example, twelvefold) 
and penetrate between the particles of the soil and become attached 
to them. Thus in the soil they do not retain the cylindrical form 
seen in moist air but are bent to and fro, and flattened, club-shaped, 
or lobed at the top (Fig. 234). They serve to absorb water and 
dissolved salts. They only live for a few days, the older root-hairs 
dying off as new ones form nearer the tip : thus only a limited zone 
of the young root some centimetres or millimetres in length is clothed 
with them. The older smooth portion of the root serves for conduction, 
but has ceased to absorb the water. The surface often shows transverse 
wrinkling brought about by subsequent contraction of this region of 



128 


BOTANY 


PART I 


the root. This shortens the root so that, like a tense support, it 
anchors the shoot more firmly in the soil (cf. Fig. 200, 6). 


Root-hairs are wanting in some plants, especially those which can readily obtain 
water, as is the case with many aquatic and marsh plants. The roots of some 
aquatic plants, such as Nuphar luteurtiy form root-hairs when they penetrate 
the soil ; the roots of marsh plants, such as Garex 
paludosa , when there is lack of water. 

3. Primary Structure of the Root. — 

When the transformation of the meristematic 
cells into permanent tissue has taken place 
the same kinds of tissue are recognisable in 
roots as in shoots, their arrangement being 
as a rule radially symmetrical. The surface 
of the younger portions of the root is bounded 
by the thin-walled epidermis which, with the 
root-hairs borne upon it, serves for absorption. 
The ABSENCE OF STOMATA and of a CUTICLE 
is characteristic of this layer. The epidermis 
of the root dies off with the root-hairs. The 
outermost layer of the cortex then forms a 
cutis-tissue called the exodeumis ( 79 ) on the 
surface, the cell-walls becoming more or less 
suberised (Fig. 153 ex). 

Some of the cells of the exodermis often remain 
unsuberised and serve as transfusion cells. They are 
regularly placed among the corky cells and smaller 
than the latter. 

The remaining tissues of the root can be 
distinguished into cortex and central cylinder. 

The primary CORTEX of subterranean roots 
is composed of colourless tissue, which is 
Fig. 152.— Seedling of Carpinus usually parenchymatous. In the outer layers 
the cells are in close contact with one another, 
but intercellular spaces are present more 
internally. In the cortex of aerial roots, on 
the other hand, chlorophyll is present. The 
innermost layer of the cortex is usually 
developed as an endodermis ( 80 ) (Figs. 153 e, 154 S, 156 s), 
which sharply marks the limit between cortex and central cylinder. 



Bctulus. r, Zone of root- 
hairs near root-tip ; h, hypo- 
cotyl; hw , main root; sw t 
lateral roots ; Z, V , leaf ; 
epicoty 1 ; c, cotyledons. (Nat. 
size. After Noll.) 


Owing to the presence of the Casparyan strips on the radial walls of the epidermal 
cells (cf. p. 54), the central cylinder is to a certain extent shut off from the 
primary cortex ; the tangential walls of the young endodermal cells, however, 
allow of passage of water between the two regions. In the older parts of the roots 
the cells of the endodermis become corky, and in many Monocotyledons are greatly 
thickened, but generally on one side only. Should thickening occur at an early 



DIV. I 


MORPHOLOGY 


129 



Fig. 153.— Transverse section of an adventitious root of 
AUium Cejpa. ep , Remains of the epidermis ; ex, exo- 
dermis ; e, primary cortex ; e, endoderniis ; cc, central 
cylinder, (x 45. After M. Koernicke.) 


stage, special endodermal cells, directly external to the xylem-strands, remain 
unthickened and serve as trans- 
fusion cells (Fig. 156 d). 

The outermost layer of cells 
of the central cylinder lying 
immediately within the endo- 
dermis (Figs. 154 pc, 156 jp) 
forms the PERICYCLE ; this 
is usually a single layer and 
in rare cases is wanting. 

The strands of xylem and 
phloem run longitudinally in 
the central cylinder and in 
all roots form a radial 
vascular bundle ( 33 ) (cf. p.95). 

Roots are described as diarch, 
triarch, polyarch, etc., accord- 
ing to the number of the 
vascular strands. Thus the 
root in Fig. 154 is tetrarch and that in Fig. 156 pentarch. 

The vascular strands may either meet in the centre (Figs. 154, 156) or there is 

in this position a central 
strand composed of paren- 
chyma or sclerenchyma or 
a mixture of these tissues 
(Fig. 158). 

Most roots have to 
be constructed to resist 
pulling strains, and the 
mechanical tissue is accord- 
ingly mainly placed com- 
pactly in the central 
region (Fig. 155). For an 
organ that has to resist 
tension it is immaterial 
at what part of the cross- 
section the mechanical 
tissues are placed. Their 
association in the centre 
to form a single strand 
is of advantage, however, 
Fio. 154.— Transverse section of the radial bundle of the root of since, if many thinner 
Ranunculus acer. R, Cortical parenchyma; S, endodermis ; pc, strands were situated peri- 
pericycle ; ph, phloem; P x t protoxylem; G , xylem. (x 160. pherally a one-sided pull 
Rothert moditied from Rippel.) 1 . J 1 

might rupture some or 

these more readily. Sometimes mechanical tissues are also present in the cortex, 
(Fig. 155 £) and in such cases the roots are also rigid against bending and 
compression. 
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The continuity of the xylem- and phloem- strands of the radial bundle of 
the root with the corresponding tissues of the differently -constructed bundles 
of the stem ( 81 ) is effected at the junction of the root and stem of the seedling. 

It need only be briefly described 
for the most common case of plants 
in which the bundles of the stem 
are collateral (cf. Fig. 157). The 
essential fact of the transition is 
that each of the strands of xylem 
of the root rotates through 180° 
round its longitudinal axis. Accord- 
ing to Chauveaud the protoxylem 
Pig. 155.— Mechanical tissue of roots. 1, Centrally strands do not take part in this 
placed to resist longitudinal pulling strains ; 2, a movement, but are absorbed. A 

prop root with a peripheral layer of mechanical number of collateral vascular bundles 

tissue (P) to resist lateral pressure, in addition ,, 

to the central strand. (After Noll.) are reconstituted from the tissues 

of the radial bundle of the root 
by the radially-arranged xylem and phloem taking up the collateral position. 
This happens in different ways, of which two main types may, according to Van 
Tieghem, be distinguished : 1. The strands of xylem when rotating follow a 




Pio. 156.— Transverse section of the radial bundle of the root of Allium ascalonicum. s, 
Endodermis with the inner walls thickened ; d , transfusion-cells ; p, pericycle ; g, large central 
vessel. (Rothert after Haber landt.) 


straight course from the root to the stem ; the strands of phloem of the root, on 
the other hand, divide radially, the two halves separate tangentially, and, uniting 
with the portions derived from adjoining strands of phloem, come to lie outside 
the xylem-strands (Fig. 157, A). 2. The phloem-strands of the root follow a 

straight course into the stem, but the strands of xylem which rotate through 180° 
split radially ; the halves separate tangentially (as the phloem-strands did in 
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Type 1) and, uniting with the portions derived from the adjoining strands of 
xylem, place themselves internal to the strands of phloem to constitute the 
collateral bundles (Fig. 157, B). A variant of the second, and more frequent, type 
is characterised by the phloem-strands as well as the xylem-strands dividing ; in 
this case there are in the stem twice as many collateral bundles as there were 
xylem- (or phloem-) strands in the root. 

4. Branching of the Root. — By this process, in which a root 
always gives rise to roots, the root-system can penetrate the soil in 



Fia. 157.— The transition from the radial bundle of the root to the collateral bundles of the stem 
represented diagrammatically, after the descriptions of Van Tiec.hem and Chau\ eaud. Cortex 
and pith, white ; phloem, black dots ; xylem, white dots on black ground. Further explana- 
tion m the text. 

all directions and obtain from the whole space thus occupied water 
and dissolved salts. \ 

Dichotomous branching by an equal division of the growing 
point only occurs in some Pteridophyta (Lycopodinae). 

With this exception the branching of the root is LATERAL (Fig. 
152), the lateral roots, in contrast to the lateral shoots, originating at 
some distance from the growing point where the meristematic cells 
have been transformed into permanent tissue. They arise endo- 
genously (Fig. 158) within the tissues of the parent-root and in 
acropetal succession. The growing point of the new root is formed 
from the innermost layer of the cortex in Pteridophytes and from 
the pericycle in the Phanerogams ; a group of parenchymatous cells 
commences to divide, the cells returning to the meristematic condition. 
The lateral roots break through the whole thickness of the cortex as 
they emerge in the order of their development from the main root. 
The ruptured cortex is frequently recognisable as a sort of collar 
round the base of the lateral root. Other lateral roots may form 
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subsequently between those already developed and on older parts of 
the root. 


The lateral roots always stand in vertical series on the parent-root ( 82 ). 
This arrangement is determined by their always arising either opposite one of the 
longitudinally-running strands of xylem (Fig. 158), or opposite the plate of con- 
ducting parenchyma which separates a strand of xylem from one of phloem. The 
number of vertical series of roots is thus either the same as the number of strands 
of xylem, or twice this. 


The structure of the lateral roots corresponds with that of the 
main root, and the xylem and phloem are continuous from the 
one to the other. 

5. Roots borne on Shoots. — Roots not only arise from other 
roots but may be developed from the shoot, both from stems and 
leaves. They are usually endogenous. In Ferns they arise from 

meristematic tissue in the regipn of 
the growing point of the shoot. 

A very usual place for such adventitious 
roots to arise is at the nodes of the stem ; 
they replace the primary root-system which 
has been lost when the older part of the 
plant died off ( 83 ). They are especially 
numerous on the under side of rhizomes 
Fig. 1 58 . — Transverse section of the root (Fig. 139) and creeping shoots. A young 
of Vida Faba showing the origin of a shoot, or a cutting planted in moist soil, 
lateral root (r). e, Enclodermis ; p, peri- quickly forms adventitious roots, and roots 
cycle; d , cortex ; g>, xylem-strand , v, ma y a i so ar i se in a similar manner from the 
phloem -strand of the radial bundle. J T) 

(x 40 . Somewhat diagrammatic.) bases of leaves, especially from Begonia 

leaves when planted in soil ( 84 ). 

Dormant root-rudiments occur in the same manner as dormant buds of shoots. 
Willow-twigs afford a special case of the presence of such dormant rudiments of 
adventitious roots, the further development of which is easily induced by dark- 
ness and moisture. 



6. Appearance of the Root- System. — The lateral roots of 
successively higher orders are as a rule thinner and grow less strongly 
than their respective parent-roots. The whole root -system is thus 
typically racemose. 

The ultimate branches are usually short and have a limited period of exist- 
ence ; they may be termed absorbent rootlets. 

The root-system, like the shoot-system, further owes its general 
appearance to the fact that the main and lateral branches take up 
distinct positions in space relatively to one another ; this depends on 
differences in their geotropism (cf. p. 341). 

Many Dicotyledons (e.g. Lupin, Oak) and Gymnosperms (Abies) 
possess a radial main-root or tap-root (Fig. 152) which, from the 
seedling onwards, forms the downward continuation of the main stem 
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and grows vertically down into the soil (orthotropous). On this 
radial lateral roots of the 1st order arise, which penetrate the soil 
horizontally or obliquely (plagiotropous). The lateral roots of the 
2nd order arise in turn on those of the 1st order. They tend to 
grow on all sides from the latter so that the branches of the root- 
system penetrate the soil as uniformly as possible in all directions, 
and, as branching continues, do not leave a cubic centimetre unused. 
In other Dicotyledons and Gymnosperms ( e.g . Potato, Pine) the root- 
system may be more superficial. 

A tap-root is usually wanting in Monocotyledons since it becomes 
arrested in the seedling stage. In its place numerous roots arise 
from the base of the stem and penetrate the soil vertically, obliquely, 
or horizontally. They branch monopodially, bearing lateral roots of 
successively higher orders which penetrate the soil in all directions. 
In the Wheat, for example, there is no tap-root, but the root-system 
continues to extend in a horizontal plane. 

The length of all the roots of a plant taken together is surprising. 
Thus for a plant of Wheat it may amount to some hundreds of metres. 

Some of the roots of trees in tropical forests are developed in a peculiar fashion. 
The extraordinarily high and thick stems of many such trees are supported at the 
base by strong vertically-placed buttress-roots. ' In other cases support is given 
by aerial roots growing down from the branches to the earth and attaining the 
thickness of woody trunks (prop-roots, e.g. in species of Ficus , cf. Fig. 654). 

(c) Growth in Thickness of the Cormus 

It has been seen that the additions to the root and shoot 
made by the increase in number of the meristematic cells in the 
growing points increase in length as they mature. A certain increase 
in thickness of the parts is associated with this growth in length ; 
this depends on the enlargement of the cells on passing from 
the meristematic condition and not on increase in their number 
(primary growth in thickness, cf. Figs. 94, 96, 98, 111). This, 
as a matter of fact, is slight, but is often followed in stems and roots 
by processes of growth that will now be considered. 

The larger the shoot- system becomes the more readily will it 
escape overshadowing by other plants and form more organic 
material. Thus in many plants the growth of the small seedling 
with a few leaves leads, with the accompanying branching, to a cormus 
of the size of a large tree bearing a very large number of leaves. 
The increase in the aerial shoot-system and in the number of leaves 
makes progressively great demands on the water supply from the 
roots, which can only be met by the increase of surface and the 
branching of the root-system; in many cases additional roots are 
developed from the stem. All increase of the root-system, however, 
depends on a supply of organic food materials manufactured in the 
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leaves. Thus the farther development of the crown of foliage and of 
the root-system are intimately related to one another. The increase 
in size of the shoot- and root-systems further presupposes that a 
sufficient number of conducting tracts in the stems and roots can be 
developed, both for water and for organic materials, and that the stem 
should be strong enough to support the increasing weight even when 
exposed to wind. There is thus an intimate connection between the 
size of the cormus and the formation of conducting tracts in its axes 
and the rigidity of the shoot. 

The rigidity requires to be greater the larger the plant becomes 
and the longer it lives. Plants or shoot-systems which only live for a 
limited period and die off after bearing reproductive organs have 
usually herbaceous structure (herbs). Large cormi which live for 
many years and bear fruit repeatedly have as a rule the rigidity 
of their stems and roots increased by the formation of wood. Such 
woody plants are called shrubs if they do not exceed a moderate 
height, and retain their lateral shoots so that their branches are 
formed near the ground. They are called trees ( 85 ), on the other 
hand, if they attain a greater height, have a main stem or trunk 
(which must have the type of rigidity possessed by a pillar), and 
usually lose their lower branches at an early period. 

In catalogues and descriptions of plants the duration of the period of growth ( 80 ) 
is usually expressed by special symbols : thus © indicates an annual ; © a biennial, 
and U a perennial herb ; 1 1 is employed to designate shrubs, and for trees the 
sign fi is in use. 

The requirements, both as regards the number of conducting 
tracts and the necessary rigidity, are met in a variety of ways in 
cormophytic plants. 

In the first place, there are plants in which the main axis of the 
seedling and any lateral branches that arise attain a sufficient thick- 
ness and develop sufficient mechanical and conducting tissues before 
growth in length ; when this takes place later the thickness is 
adequate for the future increase in size of the plant. The primary 
root in such cases remains thin and usually dies off early, while as 
many roots as are necessary arise from the basal portion of the shoot. 
To this first type ( 87 ) belong the majority of Pteridophytes and 
Monocotyledons, including nearly all the forms that have definite stems 
(Tree-ferns (Fig. 511), Palms, Pandanaceae, certain Liliiflorae). 

Thus in such plants as the Palms the embryonic stem remains very short on 
germination. *The primary meristem of the flattened growing point increases in 
breadth, leading to the axis of the seedling, from which the columnar stem will 
proceed, having a considerable thickness from an early stage. (Fig- 825.) In 
such forms as the Palms and Pandanaceae the stem may continue to increase 
slightly in thickness after the permanent tissues have developed by a process 
of expansion of the cells. The cells of the sclerenchymatous strands which 
accompany the phloem of the vascular bundles may thus increase in diameter 
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leading to an enlargement of the strand as a whole. In places this growth 
in thickness may be accompanied by divisions in parenchimatous cells ( e.g . in 
some Palms). 

Secondly, there are plants in which long slender stems and roots 
with only a few conducting and mechanical elements are first developed. 
A limit would soon be set to the supply of water to the leaves and of 
nutritive material to the root-system, and thus to the increase in size 
of the plant, by the small number of conducting elements in the 
primary stem and root. Provision is, however, made for an increase 
in the conducting and mechanical tissues corresponding to the needs 
of the growing plant. This is effected by a continued process of cell 
division forming secondary tissues and leading to a secondary 
growth in thickness of the stem and roots. Secondary tissues 
are those that are added to or replace the primary tissues as a result 
of the activity of a secondary meristem or cambium (cf. p. 44). Such 
secondary growth occurs in herbaceous as well as in woody plants. 
The majority of herbaceous and woody Gymnosperms and Dicoty- 
ledons and some arborescent Liliiflorae belong to the second type ( 88 ). 
The primary thickening or maturing of the stem and root dependent 
on the enlargement of cells is in them followed by increase in number 
of the cells in a special meristematic zone, the cambial ring. 

Secondary growth in thickness was present in certain Pteridophytes known 
to us as fossil remains, but only became of general occurrence in the Gymnosperms 
and Dicotyledons. 

Secondary Growth in Thickness of Monocotyledons. — In some 
arborescent Liliiflorae ( Dracaena , Cordyline , Yucca , Aloe) the axis 
exhibits growth in thickness due to a secondary meristem. This 
arises in the cortex where it abuts on the central cylinder in which 
the vascular bundles are scattered in the manner characteristic of 
Monocotyledons. In transverse sections divisions can be seen to 
begin in an annular zone of mature cortical cells. In Dracaena this 
happens at a considerable distance from the growing point, but in 
other cases it may start close to it. A cylindrical meristematic zone, 
a number of cells deep, is thus formed ; the cells are prismatic and fit 
together without intercellular spaces. As a result of the formation of 
tangential walls, cells continue to be cut off towards the inside, and 
later some are formed to the outside. The latter become secondary 
cortical tissue ; the cells to the inside develop into concentric vascular 
bundles, in which the xylem surrounds the phloem, and parenchy- 
matous tissue with thickened and lignified walls (Fig. 159). 

The meristematic cells have a rectangular shape in transverse and radial 
sections, while in tangential section they are polygonal ; they are thus tangentially 
placed flattened prisms (cf. Fig. 162 A , II). 

True secondary thickening of the root in Monocotyledons is only known in the 
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case of the genus Dracaena. The cambial ring arises in the cortex of the root just 
outside the endodermis. 

Secondary Thickening of Gymnosperms and Dicotyledons. 1. 

qrv vV Formation, Structure, and Ac- 

Yjtru '77 tivity of the Cambium in Stems. 

the open vascular bundles 
of the Gymnosperms and Dicoty- 
) ledons the formation of secondary 

! / tissues may take place as soon 

7 as P rimar y tissues have 

( matured, or may even begin 
/ -f '° before this. 

r rU: The secondary thickening in annual, 

S£p — ■ l* scrambling, and twining plants often 

only begins in older internodes which 
c have long attained their full primary 
size. In the twigs of trees, on the 
other hand, the secondary growth may 
start early, even before the primary 
tissues are fully developed. 




even begin 




Fia. 159.— Transverse section of the stem of 
Cordyline ( Dracaena ) rubra. f, Primary 
vascular bundles ; /", secondary vascular 
bundles ; leaf-trace bundle within 
the primary cortex ; w, parenchymatous 
fundamental tissue ; s, bundle-sheath ; t. 
tracheides ; c, cambium ring ; cr, cortex, 
the outer portion being primary, the inner 
secondary cortex ; ph, cork cambium ; l , 
cork; r, bundles of raphides. (x 80. 
After Strasburqer.) 


Fra. 160. —Transverse section of a stein 
of Aristolochia Sipho 6 mm. in thick- 
ness. m, Medulla ; fv , vascular bundle; 
vl , xylem ; cb , phloem ; /c, fascicular 
cambium ; ifc, interfascicular cam- 
bium ; p, phloem paronchyma ; pc, 
pericycle ; sic, ring of selerenchyma ; 
e, starch-sheath ; c, ' primary cortex ; 
cl, collenchyina in primary cortex. 
(X 9. After Strasburoer.) 


Only the former case need be considered here, although it is by 
no means the more frequent (cf. Figs. 160 , 161 ). The primary meri- 
stem remaining between the xylem and phloem of the bundle becomes 
the cambium (Fig. 160 , fc) and commences again to divide actively. 
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The vascular bundles are usually arranged in a circle. After the 
cambial activity has commenced in the bundles, cambium also forms 
across the medullary rays, by parenchymatous cells dividing tan- 
gentially. This INTERFASCICULAR CAMBIUM connects the FASCICULAR 



Fio. 101.— Transverse section of a stem of Aristolochia Sipho in the first year of its growth, showing 
a vascular bundle with cambium in active division, p, Xylem parenchyma ; r//», proto- 
xylem ; m' and in", vessels with bordered pits ; ic, interfascicular cambium in continuation 
with the fascicular cambium ; v, sieve-tubes; cbp , protophloem ; pc, pericycle ; sk, inner part 
of ring of sclerenchymatous fibres, (x 130. After Strasburger.) • 

cambium within the bundles, forming a complete hollow cylinder 
of meristematic tissue. The cells grow in the radial direction and 
undergo division by tangential and by transverse walls. 

The cambium -cells fit together without intercellular spaces and 
form radial rows. They have the shape of elongated prisms more 
or less flattened tangentially and with both ends pointed ; thus 
the form of the cell appears very different in tangential, radial, or 


138 


BOTANY 


PART 1 


transverse section (Fig. 162). The tangential walls, which form the 
polygonal or rhombic main faces of the prismatic cell, are thin ; the 
radial walls, on the other hand, are fairly thick and frequently pitted. 
A middle layer of cells in the cambial zone forms the initial layer. 
Its cells remain permanently in the meristematic condition. They grow 
in the radial direction, dividing by tangential walls, and so give off 
daughter-cells (tissue mother-cells) to both sides, but more abundantly 
on the inner side. These daughter-cells in their turn may undergo 
tangential divisions, and, often after growing greatly in length and 
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breadth (Fig. 167) and 
changing their shape, 
become gradually trans- 
formed into permanent 
cells of the secondary 
tissues. 


The cambium in giving 
off cells inwards must itself, 
as the stem grows in thick- 
ness, be carried gradually 
outwards. The circum - 
ference of the cambial ring 
must therefore be increased. 

This can only be effected 
by growth and increase in 
number of the cells in a 
tangential direction. This 
Fig. 162. — Diagrammatic comes about by radial 
tigure of the shape of division of some of the cells, 
cambial cells. A, / and j a cases the number 

of cells in the tangential 
direction is increased by 
an initial cell of the 
cambium dividing trans- 
versely, and the ends of 
the two resulting cells 
becoming placed side by side tangentially by sliding growth ( 89 ). 


(ZD 

c 



II, the two forms 
which occur, seen in 
the solid from the 
tangential face ; B, 
in radial section ; C , 
in transverse section. 
(After Rothert.) 


pm I 

Fig. 163.— A diagrammatic tangential 
section to illustrate the subdivi- 
sion of a primary medullary ray 
into many smaller rays on the 
commencement of secondary thick- 
ening. I, l, Adjoining primary vas- 
cular bundles ; pm, primary medul- 
lary ray transformed by the 
activity of the interfascicular cam- 
bium into many small spindle- 
shaped medullary rays and reticu- 
lately - connected secondary vas- 
cular bundles. 


All the permanent tissue formed on the inner side of the cambium 
is termed WOOD ; this is usually hard and composed of more or less 
lignified cells. The tissue formed to the outside by the cambium 
usually consists mainly of unlignified cells and is termed the bast. 

The secondary tissue formed internally by the fascicular cambium 
resembles the xylem, and that to the outside the phloem of the 
primary vascular bundle. By the activity of the interfascicular 
cambium the primary medullary rays are continued through the wood 
and the bast. Their breadth is, however, usually diminished, since 
the interfascicular cambium in great part gives rise to tissues similar 
to those formed by the fascicular cambium. Thus, in place of the 
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original broad medullary rays, the cambium forms at definite points 
narrower radial rows of medullary ray tissue. These medullary rays, 
which are spindle-shaped when cut across (Fig. 163), traverse the 
wood and the bast, connecting the pith with the cortex as primary 
medullary RAYS. As the thickness of the secondary wood and bast 
increases, secondary medullary rays are developed from the 
fascicular cambium. In one direction the secondary medullary rays 


end blindly in the wood and in the 
other in the bast; the later they 
develop the less deeply do they 
penetrate the tissues on either side 
of the cambium (Fig. 172). 

The cambial cells which give 
rise to medullary rays are shorter 
and their end walls are more hori- 
zontal, for when a medullary ray is 
to be initiated the ordinary cambium- 
cell becomes divided transversely or 
obliquely. 

The origin of the cambium and the 
nature of its activity can be distinguished 
into three main types i 90 ) according to 
the primary construction of the stem : 
1. The stem has a circle of collateral 
vascular bundles separated from one 
another by broad medullary rays ; the 
breadth of the medullary rays is main- 
tained during secondary growth, the 
interfascicular cambium producing only 
medullary ray tissue. This is the case 
for many herbaceous plants, but among 
woody plants is only found in lianes (e.g. 
Aristolochia). In those herbs in which the 
inner portion of the medullary rays between 
the primary strands of xylem consists 
of sclerenchyma (cf. p. 91), the inter- 
fascicular cambium forms similar tissue on 
its inner side. ‘2. The stem as in the first 
type has a circle of collateral leaf-trace 



'io. 164.— Diagrammatic representation of the 
growth in thickness of a dicotyledonous 
root, pr, Primary cortex ; c, cambium 
ring; g', primary vascular strand; s', 
primary phloem - strand ; p, pericyele; e, 
endodermis; g", secondary wood ; s", second- 
ary bast; k, periderm. (After Strasrurger.) 


bundles separated by broad medullary rays. Before the primary growth in thickness 
is completed there arise from the still meristematic tissue of each medullary ray, 
that now assumes the characters of a cambium, one or a number of small, cauline, 
intermediate bundles which anastomose tangentially ; the intervening meshes are 
occupied by narrow primary medullary rays that are spindle-shaped when cut across 
(Fig. 163). The original medullary rays become filled up in this way in many 
herbaceous and woody plants. 3. In the transformation of the primary meristem 
to permanent tissue there arises, instead of a circle of collateral bundles, a vascular 
tube, which appears like a concentric bundle with a central pith and internally- 
situated xylem. There is a layer of meristematic tissue between the xylem and 
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phloem that later becomes the cambium. The vascular tube may be traversed by 
very narrow spindle-shaped primary medullary rays, or these may be completely 
wanting. This type is found in many trees. 

The primary xylem of the bundles in stems which have undergone secondary 
thickening projects into the pith. 

2. Formation and Activity of the Cambium in the Root. — As 

has been seen (Fig. 154), the strands of xylem and phloem alter- 
nate in the central cylinder of the root ; they are separated by inter- 
vening parenchymatous tissue. When secondary thickening begins 
in such a root cambial layers arise internal to the strands of phloem, 
and between these and the strands of xylem, by divisions taking 
place in some of the parenchymatous cells ; the cambium forms wood 
towards the centre and bast towards the outside. These arcs of 
cambium meet in the pericycle just outside the xylem-strands and the 
cambial ring is completed from the pericycle. The wavy outline of 
this is shown in Fig. 1G4 A\ by the activity of the cambium in 
producing new tissues the depressions in the ring are soon evened out 
(Fig. 164 B). The secondary wood and bast of the root have the 
same structure as the corresponding tissues in the stem. A cross- 
section of a root in which the secondary growth has continued for some 
years can scarcely be distinguished from a cross-section of a stem ; 
by careful examination, however, the characteristic strands of primary 
xylem can be recognised in the centre of the root. 

Repeated Formation of Cambium in Stems and Roots. —Deviations from the 
usual type of secondary growth as found in most Gymnosperms and Dicotyledons 
are met with in some cases. These anomalous types ( 10 ‘ 2 ) are characterised by 
differences in the distribution and in the activity of the cambium. 

In some Cycadeae and certain species of Gnetum among the Gymnosperms and 
in the Chenopodiaceae, Amarantaceae, Nyctaginaceae, Phytolaccaceae, and some 
other families of Dicotyledons, the first ring of cambium, which arose in the usual 
way, ceases to function after a time. A new zone of cambium forms, usually in the 
pericycle, i e. external to the bast, or else in tissue derived from the earlier cambium. 
The new cambium forms bast externally and wood internally, these tissues being 
traversed by medullary rays. Its activity in turn comes to an end and its place 
is taken by a new cambium formed outside this zone of bast. The process can be 
repeated and leads to the production of concentric zones each composed of wood 
and bast. This is seen, for example, in the transverse section of the stem of Mucuna 
altissima , a liane belonging to the Papilionaceae which is represented in Fig. 165. 
Such concentric zones of wood and bast are met with in some succulent roots 
which persist for two or more vegetative periods. This is the case in the Beet 
{Beta vulgaris ), where the zones can be readily recognised with the naked eye on 
cross-sections. They arise as described above, but, as in the case of the typical 
secondary growth of other succulent roots, parenchymatous tissue which serves for 
storage of reserve materials forms a large proportion of the newly-developed tissues. 

3. The Wood. A. Kinds of Tissue and their Functions. — The con- 
struction of the wood is complex, and in Dicotyledons it is usually com- 
posed of three distinct types of tissue the walls of which are more or 
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less lignified. These are: (1) longitudinally-running strands of dead 
vessels (Fig. 166 g , tg) ; (2) longitudinally-running strands of scleren- 
chymatous fibres, wood-fibres (h), that are usually dead ; (3) storage 
AND CONDUCTING PARENCHYMA (hp), which forms longitudinally-running 
strands, and in the medullary rays is also directed radially ; this con- 
stitutes the WOOD-PARENCHYMA and PARENCHYMA OF THE MEDULLARY 
RAYS. Corresponding to this the wood serves (1) for water- conduction, 
(2) to render the stems and roots rigid against pressure and bending, 
and (3) for the storage of organic materials. The properties which 
make wood such a valuable building material depend upon its natural 
function as a mechanical 
tissue. 

The various kinds of cells 
of which the wood is composed 
can be most readily studied by 
treating wood with Schultze’s 
macerating mixture (cf. p. 40). 

The vessels are pitted 
or less-commonly reticu- 
lately thickened. The 
tracheae may be wide 
and composed of short 
segments, or narrow and 
formed of more or less 
elongated cells (Fig. 166 
g, tg) ; the tracheides are 
narrow and elongated and 
serve both for conduction 
and as mechanical tissue. 

The wood-fibres (h) are usually very long and narrow, pointed at 
both ends, and with thick walls provided with narrow oblique pits. 
The cells of the parenchyma (hp) are rectangular and prismatic or 
are spindle-shaped ; they are usually elongated in the direction of 
the long axis and have either thin or thick walls with small, circular, 
simple pits. They contain abundant reserve materials (starch, oil, or 
sugar). Intercellular spaces only occur in the parenchymatous strands. 

The tracheides and wood-fibres are frequently more than 1 mm. in length and 
are considerably longer than the cambial cells from which they arose. This 
increased length, like the increased width of the larger tracheae, is attained by 
sliding growth (p. 44 ; Fig. 167). In the formation of wood-parenchyma the 
cambial cells undergo repeated transverse divisions. The resulting parenchyma 
thus consists of rows of cells, the origin of which from a cambial cell is indicated 
by the row ending above and below in a pointed cell (Fig. 166 gh, hp). 

The walls between cells of the wood -parenchyma or medullary rays and the 
vessels have bordered pits on the side towards the vessel only ; the pits in the living 
cells have no border. The walls separating vessels and wood-tibres and those 



Fio. 165. —Transverse .section of the stem of Mv/'u na altis - 
siina. 1, 2, 3, Successively -formed zones of wood; 
1*, 2* y 3 *, successively-formed zones of bast. (| nat. size. 
After Schenck.) 
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between the latter and parenchyma-cells are, on the other hand, usually without 
pits. 

In woods composed of vessels, wood-fibres, and parenchyma there are frequently 
transition forms between the typically-constructed elements, and there is a corre- 
sponding lack of sharp distinction as regards function. Narrow tracheae (Fig. 
166 tg) lead on to the tracheides (Fig. 166 gt , t). Narrow, sharply-pointed tracheides 



Fig. 166. — Tracheae, tracheides, wood-fibres, and wood-parenchyma of a Dicotyledon with 
transition-forms between the various elements. Diagrammatic, Explanation in text. (Modilled 
after Strasburoee.) 


(fibre-tracheides, ft), the function of which is mainly mechanical, form the transi- 
tion to the wood-fibres ( h ). Slightly thickened wood-fibres which retain their living 
contents ( ef) and are either without or with transverse walls (gh) form the transition 
to the cells of the wood -parenchyma (hp). According to Strasburgeh ( 61 ) the 
fibre-tracheides are to be derived phylogenetically from the vessels and the wood- 
fibres from wood-parenchyma. 

In the wood of Gymnosperms there are only tracheides with 
typical bordered pits, together with some wood-parenchyma and a 
considerable amount of parenchyma of the medullary rays. The 
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division of labour is here less advanced, the same elements being 
concerned with the mechanical and water - conducting functions. 
Drimys , belonging to the Magnoliaceae, is a Dicotyledon with wood 
composed of tracheides and parenchyma only. 

B. Arrangement of the Tissues in the Wood. — In the 
Gymnosperms (Figs. 168 - 170 ) the wood of the stems and roots has 
thus a relatively simple structure. The 
tracheides are arranged in regular radial 
rows (Fig. 168 A ), in correspondence with 
their mode of origin (Fig. 168 B). Since 
they increase in size mainly in the radial 
direction, and hardly at all in the tangential 
and longitudinal directions, they retain the 
same form as the cambial cells (Fig. 162 ). 

They have large, circular, bordered pits 
frequently only upon their radial walls ; 
the pits are thus seen in surface view in 
radial sections (Figs. 67 i?, 68 A). 

In the wood of the Pines, Firs, and Larches 
parenchyma is found only around schizogenous 
resin-canals which run longitudinally in the wood 
(Figs. 168 A } h ; 172 A), and are connected by 
others which run radially in some of the broader 
medullary rays. For this reason considerable 
amounts of resin flow out from the wounded stem 
of a Pine or Fir. In the other Conifers the wood- 
parenchyma is limited to simple rows of cells, the 
cavities of which may later become tilled with resin. 

The medullary rays in the wood of 
Gymnosperms are numerous, and for the 
most part only one layer of cells broad 
(Figs. 168 ?u, 170 sin, tm; 172 ms). The 
cells of the medullary ray are elongated in 
the radial direction ; they contain abundant 
starch and are associated with intercellular 
spaces (Fig. 170 i). They serve to transfer 
the products of assimilation, formed in the 
leaves and conducted downwards in the bast, 
in a radial direction into the wood of the 
stem or root, where storage takes place ; they also conduct water 
from the wood outwards. The medullary rays are suited to perform 
these functions, since, as has been seen, they extend into both the 
wood and the bast (Figs. 168 By 169 , 172 ). The intercellular spaces 
communicate with the intercellular system of the cortex and allow of 
the necessary gaseous exchanges between the living cells in the wood 
and the external atmosphere. 



Fia. 167. — Diagrammatic repre- 
sentation of sliding growth, of 
wood- fibres. 7, In tangential 
longitudinal section ; 27, in 

transverse section along the 
dotted line in I. A , 7, 77, cells 
in the young condition ; By 7, 77, 
after sliding growth has taken 
place. (After Rothert.) 



144 


BOTANY 


PAKT I 


In certain Gymnosperms, especially the Pines, single rows of cells of the 
medullary ray in the wood (usually the marginal rows) are tracheidal and without 
living contents ; they are connected with one another and with the tracheides by 
means of bordered pits (Fig. 169 tm). They are protected against compression by 
the living turgescent cells of the medullary ray by means of special thickening of 
their .walls. These tracheidal cells facilitate the conduction of water in the radial 
direction between the tracheides, which are only pitted on their radial walls. In 
most other Conifers, in which such tracheidal elements in the medullary rays are 
wanting, there are tangentially-placed bordered pits in the tracheides of the wood, 


A B 



Fig. 168.— A, Transverse section of the wood of a Pine at the junction of two animal rings. /, Spi ing- 
wood ; s, autumn-wood ; t, bordered pit; a, interposition of a new row of tracheides ; h, resin 
canals ; m, medullary rays ; g, limit of autumn-wood. ( x 240.) B, Part of a transverse 
section of the stem of a Pine, s, Late wood ; c, cambium ; v, sieve-tubes ; p, bastrpaienchyma ; 
k , cell of bast-parenchyma containing crystal ; cv, sieve-tubes, compressed and functionless ; 
m, medullary ray. (x 240. After Schenck.) 

and these allow of the movement of water in a radial direction. The parenchy- 
matous cells of the medullary rays of the wood are connected with the tracheides 
by means of large pits bordered on one side (Fig. 170 et). 

Owing to climatic variations, the cambial tissue of Gymnosperms, 
as of most Dicotyledons, exhibits a periodical activity which is 
expressed by the formation of annual rings ( 91 ) of growth (Figs. 171, 
172). In spring, when new shoots are being formed, wider and thinner- 
walled tracheal elements are developed than later in the season. For this 
reason a difference is perceptible between the early wood (spring-wood), 
which is composed of large elements especially active in the conveyance 
of water (Figs, 168 AJ ) 172 /), and the late wood (autumn-wood), 
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consisting of narrow elements which impart to a stem its necessary 
rigidity (Figs. 168 A, s, 172 s). Throughout the greater part of the 
temperate zone, the formation of wood ceases in the latter part of 
August until the following spring, when the larger elements of the 
spring- wood are again developed. Owing to the contrast in the 
structure of the spring- and the autumn-wood, the limits (Figs. 168 g, 
172 z) between successive annual rings of growth become so sharply 



Fig. 160. — Radial section of a Pine stem, at the junction of the wood and hast. $, Autumn 
traeheides ; t, bordered juts ; c, cambium ; i\ sieve-tubes ; v£, sieve-pits ; tm, tracheidal 
medullary ray cells ; sm, medullary ray cells in the wood, containing starch ; sin', the same, in 
the bast; em , medullary ray cells, with albuminous content, (x 240. After Schenck.) 

defined as to be visible even to the naked eye, and thus serve as a 
means of computing the age of a plant. 

In a stem or root that has undergone secondary thickening fewer annual rings 
will be seen on the cross-section the nearer this is made to the growing point. 
The older annual rings and the older layers of bast disappear in order of their age 
as the tip is approached. 

Under certain conditions the number of annual rings may exceed the number of 
years of growth. When the leaves are destroyed by frost, caterpillars, or other 
injurious influences, the buds destined for the succeeding spring may unfold, and 
the formation of the new foliage brings about a second formation of spring wood. 
On the other hand, woody plants that usually have definite annual rings may 
exceptionally show a smaller number of rings than that corresponding to their 
age, owing to the limits between some of the rings not being clearly marked. In 

L 
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this way the number of rings on one radius of the stem may be less than when 
they are counted on another radius. 

The annual rings are usually not clear in the secondary wood of roots. 


The wood of the stems and roots of Dicotyledons can be readily 
distinguished from that of a Gymnosperm even when only slightly 
magnified (Figs. 173-175). Not only are wood-fibres and usually 

wide tracheae present, in addition to 
tracheides and parenchyma, but the 
unequal growth of the various com- 
ponent elements leads to a departure 
from their original radial arrangement. 
In the spring-wood there are numbers 
of very wide tracheae (Figs. 173, 174 m), 
while narrow wood-fibres (/) and fibre- 
tracheides ( t ) predominate in the 
autumn-wood. 

In the woody plants of tropical regions, 
when there is no seasonal interruption of 
growth, annual rings may be wanting, but in 
many cases zones resembling the annual rings 
occur indicating a periodic activity of the 
cambium. 

The water-conducting elements of the most 
recently formed annual rings are the only ones 
that are in direct connection with the leaves 
of the corresponding period of vegetation. 
Since there is a sudden demand for a consider - 
y | vn & m m able amount of water for transpiration when 
1 II Ty || the leaves unfold in the spring, the provision 

H H Jg *1 jm of conducting channels in the spring-wood is 

readily comprehensible. In many woody plants 
the foliage is not further increased during the 
summer, and the cambium can therefore form 
SOT, medullary ray cells containing mechanical tissue in the autumn-wood, 
starch ; et, pit bordered only on one 

side ; i, intercellular space in the J n gpifce of the Variety in the StrUC- 

Schenck 7 ) ray (X 240 Aft6r ture the wood of Dicotyledons there 

are some constant features in the 
arrangement of the different tissues. The vascular strands composed 
of tracheae and tracheides, while they ramify in the radial and 
tangential directions, form continuous longitudinal tracts from the 
roots to the finest tips of the branches. Were this not so the needs 
of the shoot-system as regards its water-supply would not be met. 

Wood-parenchyma (Figs. 173, 174 p) f which is well developed in 
most dicotyledonous woods, also forms longitudinal strands or layers 
which, however, end blindly above and below. These form, along 
with the medullary rays, a connected system of living cells. The 



Pig. 170. — Tangential section of the 
autumn wood of a Pine, t , Bordered 
pit ; tm, tracheidal medullary ray cells; 




a single system provided with intercellular spaces. Assimilated material 
moving downwards in the bast can thus pass radially into the wood 
and be carried in this for some distance upwards or downwards, to be 
stored as starch or fat in the living parenchymatous cells. In spring 
when the buds are unfolding much of this reserve material is passed 
into the vessels in the form of glucose and small amounts of albuminous 
substances. In this way these substances can be transported rapidly 
to the places where they are to be utilised. Thus, during the winter 
and in early spring, sugar and albumen can be demonstrated in the 
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vessels always stand in connection with these living cells, being 
sometimes surrounded by them and in other cases in contact with 
them on one side (Fig. 1 7 3 p). 

The MEDULLARY rays (Figs. 171 pm , sm; 173, 174 r) resemble 
those of the Gymnosperms in being radially-placed bands of tissue, of 
greater or less vertical height, and one or a number of cells in breadth ; 
they may be branched or unbranched (Fig. 175 tm). They are 
continuous across the cambium 
into the bast (Fig. 178). The 
vascular strands are in contact 
with them at places. The 
parenchyma of the medullary 
rays thus connects the paren- 
chyma of the bast with that of the 
wood, and unites all the living 
tissue of the stem and root into 


Fig. 171. Transverse section of a stem of 
TiH't t in tie 1 fourth year of its 
growth. pr, I'rimat y cortex ; r. ramhiuni 
ring; < r, hast; pm, primary metliillai \ 
ray ; pm\ expanded extremity of a primary 
medullary ray ; sm, secondary medullary 
ray ; < 7 , limit of third year’s wood; in, 
pith. ( x (». After Sun nu w.) 


Fio. 17:’. Coition of a four-year-old stem of the 
Pine, 1'iit >i< >,Jrc*tris, cut in winter, q, Transverse 
view ; /, radial view ; f, tangential view ; /, spring 
wood; s, autumn wood; m, medulla; p. proto- 
whin ; 4 , the four successive annual rings 

of flie uood ; i, junction of the wood .if successive 
years ; ins', m- . in tians- 

verse, ladial, : >■ < . radial 

view of meduliat > mw iii i ne im>i . «, camhium 
ring ; K hast ; h. resin canals ; hr, bark, external 
to the lirst periderm layer, and formed from 
the piimary nutex. (x 6. After Sciiknok.) 
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vessels or in the sap which readily exudes from cut stems of Birch, 
Sycamore, and other trees. 

The intervals between the strands of vessels and of parenchyma 
and the medullary rays are occupied by strands of wood-fibres 
(sclerenchyma). 

The height and breadth of the medullary rays are most readily seen when they 
are cut across in tangential longitudinal sections of the stem ; the rays then appear 
spindle-shaped (Fig. 174 r). In most woods their size varies only within narrow 
limits, but in others, such as the Oak and the Beech, the range is greater. In 



Fig. 173. — Portion of a transverse section of the wood of Tilia vlmifolia. m, Large pitted 
vessel; t, tracheides; Z, wood-fibre; p, wood-parenchyma ; r, medullary ray. (x 540. After 
Strasburger.) 

some lianes ( e.g . Aristolochia ) the primary rays are particularly wide and high, and 
may extend for the length of a whole internode. 

Grain of the Wood. — The technical value of certain woods is affected not 
only by the colour but by the graining. This depends in the first place on the 
arrangement of the annual rings and medullary rays, but also in many cases 
(e.g. Hazel) upon a wavy course of the elements of the wood ; this may be brought 
about by the crowded arrangement of lateral or adventitious buds or lateral roots, 
or by the stimulus of wounding. 

C. Subsequent Alterations of the Wood. — In the majority 
of trees the living elements in the more centrally - placed older 
portions of the woody mass die and the water -channels become 
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stopped up, leading to the formation of what is known as the 
heart-wood. Only the outer layer of the wood composed of the 
more recently -formed annual rings thus contains living cells and 
constitutes the splint-wood. Reserve materials can only be stored 
in the splint-wood, and water-conduction is also limited to this and 
indeed to its outermost portion, since, as has been seen, it is only the 
peripheral vessels that are in connection with the leaves and the 
youngest lateral roots. The heart-wood 
serves only for strength. The heart- 
wood is usually darker in colour than 
the splint-wood and is also denser, 
harder, and stronger; it is protected 
against decay by impregnation with 
various substances. In other cases the 
heart-wood is not distinct in colour from 
the splint- wood and readily decays ; this 
leads to the hollow stems so often found 
in old Willows. 

The whitish-yellow splint-wood contrasts 
most strongly with the heart-wood when the 
latter is dark in colour ; thus in the Oak it 
is brown and in the Ebony ( Diospyros ) black. 

The heart-wood appears to be more durable 
the darker it is. Before their death tho living 
cells of the wood, which lose their reserve 
materials, usually form various organic sub- 
stances, especially tannins, which impregnate 
the walls of the surrounding elements, while 
resinous and gum-like products accumulate in 
the cavities. The tannins preserve the dead 
wood from decay, and their oxidation products 
give its dark colour. The vessels are some- 
times occluded by accumulations of gum, and 
at other times by cells which fill up the lumen 
more or less completely, and are spoken of as 
thylosks (* 2 ) (Fig. 176); they originate by 
the adjoining living cells growing into the 
vessels through the pit3, the membrane of 
which they press inwards. Thyloses also 
form in wounded vessels and occlude the 
lumen. Inorganic substances are not uncommonly deposited in the heart- 
wood ; thus calcium carbonate occurs in the vessels of Ulmus campestris and 
Fagus sylvatica , while amorphous silicic acid is deposited in the vessels of 
Teak ( Tectona grandis ). Colouring matters are obtained from the heart- wood 

of some trees, e.g. Haematoxylin from Haematoxylon campechianum L . (Cam peachy- 
wood, Logwood). 

4. The Bast. A. Kinds of Tissue and theip Functions.— 

Three types of tissue can also be distinguished in the bast (Figs. 168 



Fio. 174.— Tangential section of the wood 
of Tilia uhnifolia. m, Pitted vessel ; 
t , spiral tracheides ; p, wood-paren- 
chyma ; l t wood -fibres ; r, medullary 
rays, (x 160. After Schenck.) 
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By 177): (1) Longitudinally-running strands of sieve-tubes with, in the 
Dicotyledons, companion-cells (Fig. 177 c) ; (2) in many plants longi- 
tudinal strands of sclerenchymatous fibres (bast-fibres) that are 
as a rule dead (Fig. 177 l) ; and (3) parenchyma with intercellular 
spaces arranged both longitudinally (p) and in the medullary rays 
(Figs. 168 By m; 177 r). In addition SECRETORY cells of various 
kinds may be present containing crystals (k) or latex. The bast, like 
the phloem of the vascular bundles, serves mainly to conduct the 
products of assimilation. It also is of use for the storage of organic 
substances and frequently as a mechanical tissue. In many plants 



Fiq. 175.— A radial section of the wood of 
Tilia ulmifolia, showing a small medul- 
lary ray. g, Vessel ; l, wood fibres ; tin , 
medullary ray cells in communication 
with the water-channels by means of 
pits ; $m, conducting cells of the 

medullary ray. (x 240. After 
Schenck.) 



Fio. 176. — Transverse section of a vessel fiom 
the heart-wood of ltobinia Pseudacacia, closed 
by thyloses ; at a, a is shown tho connection 
between the thyloses and the cells from which 
they have been formed, (x 300. After 
Schenck.) 


the sieve-tubes have oblique end-walls (Fig. 177 v*) ; they are thin- 
walled and unlignified, contain proteids, and usually remain functional 
only for a short period. The bast-fibres are long and narrow and 

have strongly -thickened walls that may be lignified or not. The 

parenchymatous cells are elongated in the direction of the strand ; 
they are living cells with abundant reserve materials and thin 
unlignified walls. 

At a certain distance from the cambium the sieve-plates become overlaid by 
callus. Still further out the sieve-tubes and their companion-cells become empty 
and compressed (Fig. 168 B t cv ). 

B. Arrangement of the Tissues in the Bast. — This re- 
sembles the arrangement in the wood. The strands of sieve-tubes 

form branched tracts in which the sieve-tubes have a continuous 
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course from the roots to the foliage. The sieve-tubes, and the 
longitudinally-running bast-parenchyma, are related at intervals to the 
medullary rays (Fig. 172 ms"), which have been seen to be the con- 
tinuation of the medullary rays of the wood. Thus the products of 
assimilation from the foliage can either pass in the bast towards the 
roots or through the medullary rays to be stored in the living cells 
of the wood. 

The different tissues of the bast are often arranged in very regular 
tangential bands only interrupted by the medullary rays (Fig. 177). 
The periodicity of the cambium is not, however, evident in the bast, and 



Fio. 177. — Portion of a transverse section of the bast of Tilia vlmi/olia. v, Sieve-tubes ; v*, 
sieve-plate ; c, companion-cells ; k, cells of bast-parenchyma containing crystals ; p, bast- 
parenchyma ; l , bast-iibres ; r, medullary ray. (x 540. After Strasburqer.) 


there are no annual rings. The cambium continues to produce bast 
after the formation of the autumn-wood has ceased, for so long as the 
climatic conditions permit. 

In the Lime, for example (Fig. 177), there is an alternation of zones of sieve- 
tubes ( v ) with companion-cells (c), starch -containing bast-parencliyma (p ), cells 
containing crystals ( Jc ), bast-fibres (J), and flattened cells of bast-parenchyma (p), 
followed again by sieve-tubes. The differences in the appearance of the bast of 
different woody plants are due to the greater or less diameter of the sieve-tubes, 
the presence or absence of bast-fibres, and to the mode of arrangement of the 
various elements. 

In the Pine and various other Abietineae, rows of cells with abundant 
albuminous contents occur at the edges of the medullary rays (Fig. 169 em). They 
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are in close contact* with the sieve-tubes and connected with them by sieve-pits, 
and become empty and compressed at the same time as the sieve-tubes. 

Effect of the Secondary Thickening on the Tissues external to 
the Cambial Ring. 1. Dilatation. — Since the cambium continues 
to form wood to the inside, and bast to the outside, the stem or root 
exhibits a secondary increase in thickness. Those permanent tissues 
which are situated externally to the cambial ring (the epidermis, 
cortex, primary phloem, and the bast) are naturally affected by this. 
They are tangentially stretched, compressed, displaced, or torn ; they 
may also grow in the tangential direction (dilatation). This latter 



Fio. 178. — Transverse section of the outer part of a one-year-old twig of Pyrus communis made in 
autumn. It shows the commencement of the formation of the periderm, p, Cork ; pg , 
phellogen ; pd, phelloderm ; col , collenchyma. The cork cells have their.outer walls thickened 
and have brown dead contents, (x 500. After Schenck.) 


process is naturally limited to the living cells of the cortex, the phloem, 
and the bast, including those of the medullary rays ; in some woody 
plants even the epidermal cells take part in the dilatation ( 93 ). All 
these cells may grow considerably in the tangential direction and then 
become divided by radial walls. In the bast such growth is frequently 
very marked in the case of the medullary rays ; in the Lime this leads 
to the formation of a secondary meristem which gives off rows of 
parenchymatous cells to either side in the tangential direction, so that 
the medullary rays of the bast widen year by year towards the outside 
(Fig. 171 pm'). The sieve-tubes and their companion-cells, which only 
remain functional for a short time and then die, are compressed along 
with the secretory cells. The sclerenchymatous cells of the cortex and 
bast, which are usually non-living elements, also take no part in the 
dilatation. When a hollow cylinder of sclerenchyma is present in the 
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cortex (Fig. 179 sc), it becomes torn in the tangential direction; the 
parenchymatous cells grow into the spaces, and in many plants become 
transformed into thick-walled 


stone-cells (Fig. 179 s). Paren- 
chyma-cells, or groups of them 
in the cortex and bast, may also 
be developed as sclerenchyma- 
tous cells during the process of 
dilatation. 

The epidermis may continue to 
•expand for years in some species 
of Rose, Acacia, Holly, and Maple, 
and in the Mistletoe. The outer 
walls of the cells are usually strongly 
thickened, and when ruptured on the 
surface become reinforced by new 
layers of thickening deposited within. 

2. Periderm. — As a rule, 
however, the epidermis does 
not take part in the dilatation 
but is passively stretched and 
ultimately ruptured. A new 
limiting tissue is formed some 
time before this to protect the 
underlying tissues from drying 
up. This arises as the cork 
(cf. p. 55) by the activity of a 
special, secondary meristem, 
situated at the periphery of the 
organ (Fig. 178). 

This CORK-CAMBIUM or PHEL- 



logen is usually formed in the 
first season, soon after, or even 
before, the commencement of 
secondary growth. It may arise 
from the epidermis by tangential 
division of its cells. More 
usually, however, it is formed 
from the layer of cortex just 
below the epidermis, less 
commonly from a deeper layer 


'io. 170. — Transverse section of the peripheral 
tissues of the stem of Quercus sessilijlora. 1 , 2, S , 
Successively formed layers of cork ; pr, primary 
cortex, modilled by dilatation ; pc, pericycle ; 
sc, sclerencbymatous fibres from the ruptured 
ring of sclerenchymatous fibres of the pericycle 
s, subsequently formed sclereides ; s 1 , sclereides, 
in secondary growth ; cr, bast fibres ; k , cells 
with aggregate crystals. All the tissue external 
to the innermost layer of cork is dead and dis- 
coloured and has become transformed into bark. 
(X 225. After Schenck.) 


of the cortex or from the pericycle. The last case is the rule for 


roots (Fig. 164 B,Jc). The meristem and all the products of its 


activity are known collectively as the teriderm. The cells cut off 


to the outer side become cork-cells ; those developed to the inner 


side become unsuberised cells with abundant chlorophyll, which round 



154 


BOTANY 


PART I 


off and are added to the cortex. With the formation of the periderm 
the surface of the stem appears brown. 

The cells formed on the inner side by the phellogen are termed collectively the 
I’HELLODERM. 

The cork-cambium is as a rule a typical initial cambium (cf. p. 44), at least 
when it forms both cork and phelloderm. An initial layer may, however, be wanting 
e.g. in many Monocotyledons ; in this case the permanent cells from which the 
cork-cambium proceeds divide into a number of cells which become cork-cells, and 
the process is repeated in adjacent cells of the permanent tissue. 

Periderm formation takes place at a later period in those plants in which the 
epidermis continues to expand for years ; it is wanting only in the species of 
Mistletoe. 

True cork is wanting in Cryptogams, even in the Pteridophytes. When protec- 
tion is required its place may be taken by the impregnation of the cell- walls with 
a very resistant brown substance or by the addition of suberised lamellae to the 
walls, that is, the transformation of certain layers of cells into a cutis-tissue (w). 

3. Formation of Bark. — All tissues external to the cork-cambium 
are cut off from supplies of water and food-materials and consequently 
die. The dead tissue, including the layer of periderm, is termed bark. 
According to the depth at which the periderm is formed this may 
include only the epidermis or a larger or smaller proportion of the 
cortex. The first layer of cork-cambium in stems and roots usually 
soon ceases to be active ; this does not happen in the Beech. A 
new layer of cork forms deeper in the stem, and its activity in turn 
comes to an end ; another layer forms still more deeply as shown in 
Fig. 179. Ultimately the layers of cork are forming in secondary 
tissues in the living parenchyma of the zone of bast; thus in old 
stems all the living tissue external to the cambium is of secondary 
origin and the bark includes dead secondary tissues. The bark cannot 
follow the further increase in thickness of the stem or root, but is cast 
off in scales or torn by longitudinal fissures. It forms an even more 
complete protection than the cork against both loss of water and 
overheating. 

Since in the formation of bark the more external and oldest parts 
of the bast are thus shed, the zone of bast remains relatively thin. 
Mechanical tissues can only be permanent constituents of the stem 
when formed internal to the cambial ring, i.e. in the wood. 

If the layers of the secondary periderm constitute only limited areas of the cir- 
cumference of the stem the bark will be thrown off in scales, as in the scaly bark of 
the Pine, Oak (Fig. 179), and Plane tree ; if, on the contrary, the periderm layers 
form complete concentric rings, hollow cylinders of the cortical tissues are trans- 
formed into the so-called ringed bark, such as is found in the Grape-vine, 
Cherry, Clematis, and Honeysuckle. 

When the bark peels off from the stem in layers this is not a purely mechanical 
result ; it depends on an absciss layer consisting of thin-walled cork-cells or 
phelloid cells (cf. p. 65) which are formed between the other layers of cork with 
thickened walls. These absciss layers are ruptured by the hygroscopic tensions set 
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up in the bark. Bark which is not easily detached becomes cracked by the con- 
tinued growth in thickness of the stem, and has then the furrowed appearance so 
characteristic of the majority of old tree -trunks. 

The usual brown or red colour of bark, as in similarly coloured heart-wood, 
is occasioned by the presence of tannins, to the preservative qualities of which 
is due the great resistance of bark to the action of destructive agencies. The 
peculiar white colour of Birch-bark is caused by the presence of granules of 
betulin (birch-resin) in the cells. 

Healing of Wounds ( 98 ). — In the simplest cases among land-plants the wounded 
cells die and become brown and dry, while the walls of the underlying uninjured 
cells become impregnated with protective substances and sometimes also form 
suberised lamellae. In the case of larger wounds in the Phanerogams a cork- 
cambium forming wound-cork develops below these altered cells much as in the 
case of leaf-scars (p. 115). 

When young tissue is exposed by a wound, a formation of callus usually takes 
place. All the living cells which abut on the wound grow out and divide, becoming 
closely approximated. In most cases a cork -cambium forms in the peripheral 
layers of the callus and gives rise to cork. In stems of Gymnosperms and 
Dicotyledons, wounds which extend into the wood become surrounded and finally 
covered over by an outgrowth of tissue arising from the exposed cambium. While 
the callus-tissue is still in process of gradually growing over the wounded surface, 
an outer protective covering of cork is developed ; at the same time a new 
cambium is formed within the callus by the differentiation of an inner layer of 
cells, continuous with the cambium of the stem. When the margins of the over- 
growing callus-tissue ultimately meet and close together over the wound, the edges 
of its cambium unite and form a complete cambial layer, continuing the cambium 
of the stem over the surface of the wound. The wood formed by this new cambium 
never coalesces with the old wood which is brown and dead. Accordingly, marks 
cut deep enough to penetrate the wood are merely covered over by the new wood, 
and may afterwards be found within the stem. In like manner, the ends of severed 
branches may in time become so completely overgrown as to be concealed from 
view. As the wood produced over wounds differs in structure from normal 
wood, it has been distinguished as callus-wood. It consists at first of almost 
isodiametrical cells, which are, however, eventually followed by more elongated 
cell- forms. In the Cherry instead of normal wood-elements nests of thin-walled 
parenchymatous cells which undergo gummosis (p. 37) are produced on wounding 
the cambium. 


2. Adaptations of the Cormus to its Mode of Life 
and to the Environment ( 96 ) 

The form and structure of the cormus are closely connected with 
its mode of life, which in turn depends on the environment. Practi- 
cally all plants thus appear ADAPTED to the environments in which 
they are usually found. The uniform physiognomy exhibited by the 
plants of any locality, as well as the differences in the physiognomy 
of the vegetation in localities which differ in climate, depend upon 
this. The vegetative organs are therefore not typically constructed 
in all cormophytes, but are frequently altered or metamorphosed in 
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a variety of ways. Very careful developmental or anatomical investiga- 
tion may be required to show that the variously-constructed organs 
of many cormophytes are derived by the metamorphosis of the three 
primary organs, root, stem, and leaf, and to ascertain with which of 
these any particular structure is really homologous. The external 
form and the functional activity of mature organs may be very mis- 
leading. One organ may assume the form and functions of another, 
e.g . a stem resembling a leaf ; different primary organs may take on 
the same forms in relation to performing the same functions and thus 
be analogous but not homologous. As a rule, however, when all the 
characters of an altered organ are taken into consideration, some will 
leave no doubt as to its morphological origin. 

The form of a plant and of its parts is determined in the first 
place by its mode of nutrition. Thus there are striking and important 
morphological differences between cormophytes which require only 
inorganic food materials (autotrophic plants) and those which 
require organic food (heterotrophic plants). 

A. Autotrophic Cormophytes 

The green plants are structurally adapted to autotrophic life. The 
typical features of the construction of autotrophic cormophytes have 
been described above. The green cormophytes may exhibit consider- 
able variety among themselves, for their structure is adapted to the 
different features of the environments in which they occur. 

Among the numerous factors in the differing external conditions, 
water and light have by far the greatest influence on the form of 
green plants. This is evident, for the plant can only carry on its 
life when sufficient water is available, and only when there is sufficient 
light can it construct organic substance from inorganic food materials 
and thus be autotrophic. 

(a) Adaptations to the Hainidity of the Environment 

1. Water Plants. Hydrophytes ( 97 ). — Special peculiarities in 
structure are found in plants which live in water (hydromorphy). 
These can absorb both water and nutrient salts and also the necessary 
gases (carbon-dioxide and oxygen) from the water by the whole surface 
of their stems and leaves. In considering the conditions of life in 
water it is essential to know the amounts of various gases which can be 
dissolved and to contrast this with their presence in the atmosphere. 
One litre of air contains about 210 c.cm. oxygen and 0*3 c.cm. of carbon- 
dioxide. In one litre of water at 20° C., on the other hand, there 
can be dissolved only about 6 c.cm. oxygen, but 0*3 c.cm. carbon- 
dioxide. There is thus available for the submerged plant as much 
carbon-dioxide, or even somewhat more if we take account of the 
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effect of carbonates in solution in the water. There is, however, little 
oxygen, especially in the case of still water, since the diffusion of 
this gas in water is very slow. 

The thin walls of the epidermal cells of the shoot have a very thin 
cuticle that offers little hindrance to the entrance of water and dissolved 


salts, especially in the case of the leaves ( 98 ). The large surface ex- 
posed by the fine subdivision of the lamina of the submerged leaves 
( Batrachium , Fig. 135, Uiricularia , Myriophyllum , Ceratophyllum) stands 
in relation to the slowness of the diffusion of gases in water ; floating 
and aerial leaves of water-plants, on the other hand, are typically 
formed (heterophylly, cf. p. 113). As regards their anatomy 
the submerged leaves are characterised by the absence of stomata, 
and usually of hairs from the epidermis, the cells of which 
contain chlorophyll ; the mesophyll has large intercellular spaces, 
and consists of uniform parenchyma, not showing the distinction 
of palisade and spongy tissue. The leaves in transverse section 
thus appear bilaterally symmetrical (Fig. 180). The feeble develop- 
ment of water-conduct- 
ing elements in the 
stems and leaves, the 
absence of secondary 
thickening, and the 
absence of roots ( Utri - 
cularia , Ceratophyllum , 

Wolffia), are related 



to the absence of trans- 
piration, and of active 


Fio. 180.— Transverse section of the leaf of Zannichellia palustris. 
(x 146. After Sen enck.) 


transport of water. 

The support afforded by the surrounding water renders mechanical 
tissues unnecessary ; the pulling forces exerted in quickly-flowing 
water are met by the central position of the vascular bundle. 


A feeble movement of water through the plant which is connected with the 
excretion of water from openings at the tips of the leaves (cf. p. 110) can he 
demonstrated in many submerged water-plants. 


The great development of the intercellular spaces is a striking 
feature of almost all aquatic and marsh plants. They are wide, and 
form a regular system of air- filled chambers and passages, which are 
separated by parenchymatous partitions, usually only one cell thick : 
this is the case, for example, in the stems of Papyrus , Potamogeto7i y etc., 
in the petioles of the Nympbaeaceae, and in the roots of Jussiem. 
Such tissue is termed aerenchyma. Since its wide air-passages 
serve for the storage of air, and allow of ready diffusion of gases 
within the body of the plant, the rapid transport of oxygen from 
the assimilating green organs to the colourless organs greatly 
facilitates respiration. 
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In some swamp-plants, the subterranean organs of which are in swampy soil with 
little oxygen, special organs are concerned with obtaining this gas ; respiratory 
roots (pneumatophores, Fig. 181) grow erect from the muddy soil, obtaining 
oxygen from the air by lenticel-like pneumathodes, and conducting it by the 
aerenchyma to the subterranean parts. Such plants are found among the Palms 
and in the Mangroves of tropical coasts, some of which are also anchored to 
the mud by a system of aerial stilt-roots springing from the shoots (Fig. 182) ( 96 ). 

2. Land-Plants. — These usually obtain water and nutrient salts 
from the soil, and oxygen and carbon-dioxide from the atmosphere ; 

their aerial shoots give 
off water in the form 
of vapour in the process 
of transpiration. 

A few plants of very 
moist habitats, especially 
the Hymenophyllaceae of 
tropical forests, which can 
absorb water by the general 
surface, form an exception. 
Some of them develop no 
roots but have a system 
of water-absorbing hairs 
on their stems or leaves 
which considerably increase 
the absorbent surface. 

The construction of 
land plants differs ac- 
cording to their occur- 
rence in constantly 
moist localities, dry 
localities or climates, or intermittently moist climates. 

(a) Adaptations to constantly moist Habitats. Hygrophytes ("). 
— Terrestrial plants which inhabit situations in which the atmosphere 
is permanently moist, such as many shade plants, are spoken of as 
hygrophilous or hygrophytes. Like water-plants they have no need 
of arrangements to diminish transpiration, but, on the contrary, 
require to facilitate the giving off of water from the aerial shoots 
(hygromorphy). Only in this way can a sufficiently active movement of 
water from the roots in the soil to the organs above ground be ensured 
to supply the requisite quantity of nutrient salts. When the air is too 
dry they soon wilt and may perish. Many hygrophytes, especially 
those that inhabit the moistest situations ( e.g , moist tropical forests), 
resemble water-plants in form and structure. 

Hygrophytes have expanded, thin, leaf-blades of delicate texture ; these have no 
covering of dead hairs, but are either smooth or have a velvety upper surface, due 
to the presence of numerous living hairs or papillae. The outer walls of the 



Fio. 181.— Respiratory roots of Sonneratia alba. (After 
Joh. Schmidt.) 
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epidermal cells, which contain cliloroplasts, are very thin and covered by a delicate 
cuticle. The not very numerous stomata are not sunken but frequently are even 
raised above the general level of the epidermis. The large-celled mesopliyll has 
very large intercellular spaces. The process of assimilation in the weak illumination 
of the shaded habitats requires to be facilitated in these plants by their hygromorphy. 
Many hygrophytes have, in their hydathodes, means of giving off liquid water 
(Fig. 238) when transpiration in the moist air is almost stopped. The water may be 
actively secreted by glandular hairs or passively pressed out from the vascular 
bundles through water-stomata (Fig 130). 

In correspondence with their constantly moist and shaded habitats and reduced 
transpiration the root - system and the water - conducting vascular tissues of 
hygrophytes are usually poorly developed. 

(b) Adaptations to physiologically dry Habitats or to dry 

Climates. Xerophytes ( 96t100 ). 
Plants, the shoots of which 
are exposed to dry air while 
they have difficulty in obtaining 
an adequate or sufficiently rapid 
supply of water to make good 
the loss in transpiration, require 
arrangements to diminish the 
latter process. The ordinary 
limitation of transpiration by 
closure of the stomata is not 
sufficient in the case of plants 
of exceptionally dry habitats 
or climates. Only a few cormo- 
phytes can withstand drying 
up, as do many Lichens and 
Bryophyta (cf. p. 205), and most 
of them die when wilting is 
carried far. 

Plants with such arrange- 
ments to diminish the loss of 
water are termed xerophilous 
or xerophytes. They are recognisable by their general habit. The 
morphological peculiarities which are involved in arrangements to 
diminish transpiration are referred to collectively as the xerophytic 
structure (xeromorphy). Desert plants, the plants of dry rocks 
and many epiphytes (cf. p. 173) are naturally extreme xerophytes. 
There are also xerophytes without marked xeromorphy. These are 
able to obtain water from relatively dry soil owing to the high 
absorbent power resulting from a concentrated cell-sap. 

Both morphological and anatomical arrangements are concerned in 
diminishing transpiration. Some of these adaptations may at the 
same time be protective against strong insolation or overheating. 

The following are anatomical features which serve to diminish 



in the Malay Archipelago. (After Karsten.) 
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transpiration : thick cutinised epidermal cell - walls and cuticle ; 
reflection of light from the cuticle ; mucilaginous epidermal cells ; 
formation of waxy and resinous coatings ; accumulation of calcium 
carbonate ; in the case of stems and roots, layersjof cork ; reduction 
in the number of stomata ; narrowing of the stomata ancftEeir occlusion 
by resin or wax ; sinking of the stomata below the general level 
of the epidermis, either singly (Fig. 183) or in numbers in special 
flask - shaped depressions of the under side of the leaf (e.g. 
Oleander), or the over - arching of the stomata by adjoining 
cells so that they come to be situated in cavities protected from the 
wind. Hairs, whether woolly, stellate, or scaly, which early become 
filled with air and give the plants a whitish or grey appearance 

(Edelweiss, Australian 
Proteaceae, Olive), may 
serve as a protection 
against the sun’s rays. 
On the other hand, 
evergreen leaves may 
be small, leathery, and 
relatively poor in sap 
(e.g. sclerophyllous ever- 
green plants of the 
Mediterranean region, 
such as the Olive and 
Myrtle). The small 
size of the intercellular 
spaces in the mesophyll 
is characteristic of the 
leaves of well-marked 
sclerophylls (Fig. 186) ; there is often no spongy tissue, but frequently 
several layers of palisade-cells beneath both upper and lower epidermis 
so that the structure of the leaf becomes bilaterally symmetrical. 



Fig. 183.— Transverse section of the epidermis of Aloe nigricans, 
i, Inner, uncutinised thickening layer, (x 240. After 

STRA8BURGER.) 


By sinking of the stomata or by a covering of dead hairs spaces of quiet air 
saturated with water- vapour are obtained. The effect of this is to diminish the 
evaporation from the stomata. 

In not a few otherwise xeromorphous xerophytes the number of stomata per 
sq. cm. of the leaf surface is especially large. This is also found in some sun- 
leaves. This peculiarity must be advantageous for assimilation while the stomata 
remain more or less open in air that is not too dry. 

These anatomical arrangements are usually associated with 
morphological peculiarities of the external form. 

Many xerophytes with small leaves have the branches crowded 
together to form a dense cushion (e.g. many Alpine plants, Fig. 184) : 
not only is transpiration checked by this, but a protection against too 
strong insolation is obtained. 
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A very effective protection against transpiration and light is 
obtained by the leaf-surface being placed vertically (Australian Acacias 
and Myrtaceae) ; this is often associated with a reduction of the 
lamina and a flattening of the petiole (phyi/lodks, Figs. 136, 185). 
Such leaves avoid more or less completely the rays of the sun when 
this is at its highest, and excessive heating and transpiration are 
thus prevented. 

A similar position of the leaves is met with in some of our native plants such 
as Lactuca scariola, the Compass Plant in which all the leaves stand vertically and 
in the direction of north and south. 



Fi<;. 


1S4. — lUtonHu 
cushion-like slw. 


- limit New /calami, 
•;ii S< him i ■ mi's riaat-Gi 


showing the 
/graph y.) 


The most important and most frequent means of protection against 
excessive transpiration is by the reduction of the transpiring surface. 
This is effected by the dwarfing of the plant (nanism) by diminished 
branching, by reduc- 
tion in the number 
of leaves, and lastly 
by reduction of the 
shoots or leaf-blades. 

The free surface of 
the leaf is reduced in 
the grasses of exposed 
situations and in cer- 
tain Ericaceae by the 
inrolling of the surface 
(Fig. 187). In the 
Genisteae, Cupres- 
saceae, and some New 
Zealand species of J'rruuica (cf. also Fig. 188), it is effected by 
reduction of the lamina, which is completely lost in Cactaceae, in 
some tree-like species of Ku/thorbio , and in some Asclepiadaceae. 

With the reduction in the leaf-surface the assimilation of carbon 
is also diminished, and a compensatory development of chlorophyll- 
containing parenchyma takes place in the stems of such plants. The 
twigs of the Broom (Saroflh nanus scojunius), which hear only occasional 
leaves that are soon shed, are elongated and green (sclkrocai luus 
plants). A striking modification is exhibited by shoots which only 
develop reduced leaves, while the stems become flat and leaf-like and 
assume the functions of lea ves. Such leaf-like shoots are called olai hides 
or ru ym.oolades (Figs. 189, 190), those flattened shoots which have 
limited growt h and specially leaf like appearance being termed phyllo- 
clades, and other flattened axes cladodes. An instructive example of 
sneli formations is furnished by //e's-a/s aailpufu* (Fig. 189), a small 
shruh of the Mediterranean region whose stems bear in the axils of 
their scale- like leaves (/) hroad sharp-pointed phylloclades (c! ) which 
have altogether the appearance of leaves. The flowers arise from the 
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upper surface of these phylloclades, in the axils of scale- leaves. This 
affords a good example of the analogy between organs. The appear- 
ance and functions of the phylloclades are those of leaves, but the 
morphological features mentioned above show that they are shoots. 
A leaf-like flattening of the massive stems, which thus form cladodes, 

is met with in the well-known 



Opuntias (Fig. 190), the bases of the 
branches remaining narrow. 

Special interest attaches to some 
xerophytes in which the stems as 
well as the leaves are reduced. Thus 
in the epiphytic orchid Tamiophyllum 
(Fig. 191) the flattened green roots 
represent the vegetative organs and 
carry on the functions of the leaves. 

The great development of scleren- 
chyma in the shoots of many xero- 
phytes not only contributes to 
the rigidity of the plant, but is 



Flo. JS5. — Acacia marginal n , with vertically- Fio. 186. -Trans soH ion <»f I In* l«;if 

place'] phylloiles. (From SrliiMiTifs Plant- of Coppnris sp'nmsa, v;ir. u, ; i>,pLiacLt. 


(it (><iri<ph //. ) 


(X 40. Si HJMl’KU, aft'-I Voi.kkns.) 


associated with the development of thorns. Thus spiny shoots, 
though not lacking in plants of our own climate that are not 
xeromorphic, are characteristic of many xerophytes of deserts and 
steppes. The thorns are lignified and rigid pointed structures that 
may either be unbranched or branched. They originate by the modi- 
fication of leaves or parts of leaves (leaf-thorns), of shoots (shoot- 
thorns), or less commonly of roots (root thorns). In the Barberry 
( Berberis vulgaris) the leaves borne on the main shoots are t ransformed 
into thorns which are usually tri-radiate, while the lateral branches 
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bearing the foliage leaves stand in the axils of these thorns. In the 
Cactaceae also (Fig. 190) the thorns arise from leaf-primordia. In 
Robinia (Fig. 192, cf. also Accacia , Fig. 699), and in the succulent 
species of Euphorbia , the two stipules of each leaf form thorns. Shoot- 
thorns are found in Primus spinosa , Crataegus oxycantha , and ( Heditsehia 
(Fig. 193). 

In Collet ia crug&at-a all the shoots are flattened and spiny, so that, in addition 
to serving as protective structures, they perform the duties of the leaves which are 



Fin. 187. Tvansvt'rst* Mriiuns of ih<> huf of >'n>u n The leaf above in the closet 

stale, the half leaf below expainleil. lower ,‘>nt stomata; 0, upper surface, 

u it h stomata (S’) ; <\ ehlorophylhms nifsupili \ -11. i . ' ■ r Kehser von Marilai’n.) 

soon lost. The plant is an American shrub belonging to tin* Khamnaceae and 
grows in dry sunny situations. Hoot -thorns occur on the stems of some Palms 
e.g. Acanfhoiihfzit) and in Mi/rtiterotlia among Dicotyledons. 

Many xerophytes not merely strictly control the giving off of water 
in transpiration, but, when it is obtainable, store water in special 
water storage tissues against periods of need (cf. p. 46). In some 
eases the epidermal cells attain a large size or they may be divided 
parallel to the upper surface and give rise to a many-layered water- 
tissue (various Piperaoeae, Begoniaeeae, species of Ficus, Tradescanfia). 
The water storage tissue often has a more central position, and when 
largely developed gives the character of succulent plants. In certain 
I'mbelliferae, ( dicurbitaceae, (Yunpositae Asclepiadaceae, and in species 
of Pelargonium and (leal is of the steppes and deserts the roots are 
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transformed for water-storage. Leaf- succulents are more common ( e.g . 


Sedum, Stmpervivum , Agave , 

(Fig. 833) M esembrya ntliemum), 
while examples of stem-succulents 
are afforded by the Cactaceae, 
species of Euphorbia , Stapelia , and 
other Asclepiadaceae (Figs. 190, 



Fig. 188 . — Salicornia herbacm (Chenopodi- 
aceae), a characteristic halophyte. 
(From Sciumper’s Plant-Geography.) 



Fig. 189.— Twig of Kuscns aculeatus (Lili- 
aceae). /, I.eaf ; cl, phylloclade ; hi, 
flower. (Nat. size. After Sciienck.) 



Fig. 1 90. — Opuntia monacantha, Haw., showing 
flowrr and fruit. Q nat. size. After 
S( III MANN.) 


194) and Kleinia among the Compositae. The columnar or spherical 
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Cactaceae are especially characteristic of arid regions in the new world, 
while Euphorbias and Aselepiadaceae of similar habit take their place in 
the eastern hemisphere (Fig. 194 a-c). The “ cactus-form ” is evidently 



Fie. I'M . — 7 (on iopluilluin Xul linger i . A X'Tuphyt ic <>rihi<i without leaf or sl»*m but with green 
IliitteiieM roots. (Nat. size. From Sun niter's l 'hint -Geography, after Wiksner.) 


very advantageous for xerophytes especially for those that have to 
succeed in very dry situations. Similarity in the mode of life has 
thus brought about a corresponding form in widely distinct plants. 
This phenomenon of CONVERGENCE OF CHARACTERS is not infrequent. 
In extreme cases the form 
of the stem or the leaf 
of succulent plants may 
approach that of a sphere ; 
this, for a given volume, 

| exposes the minimum surface 
| and is thus advantageous 
f in diminishing transpiration. 

W v Noll has estimated that 
the loss of water from a 
spherical Cactus is 600 
times less than from an 
equally heavy plant of 
Aristolochia sipho with its 
much greater surface. Such 
succulent stems are really 
tuberous storage organs for 
water. 




moil i ImmI 
pul vinus. 
( I tint, si/.o. Aftor Srui’.NVK.) 


u;. I 1 .'::, stem -t hum of 
Gh'tlitsrh in (rinrn nthos. 
(A rat. sizo. Alter 
Sen enlk.) 


(e) Adaptations to periodically moist Climates. Tropophytes ( 0G ). 
In some moist and warm regions the climate remains almost 
equally favourable to the growth of plants throughout the 
year. Wherever, however, there is a marked periodicity in the 
climate, with an alternation between a period favourable to the growth 
of plants and a more or less injurious season, a corresponding 
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PERIODICITY is found in the vital processes of the plants. The resting 
period may be brought about either by dryness or by the cold of a 
winter season. Many of the plants living under such a climate show 
differences in structure as compared with those of uniformly moist 
tropical regions. Only those forms will succeed that can endure the 
unfavourable period in one way or another. The main danger when 
a cold winter alternates with a summer period lies in death from 
lack of water during the physiologically - dry cold period. This 
danger does not threaten extreme xerophytes since they are suited 
to dry habitats in the favourable period. It is otherwise with plants 
that are not xeromorphic. The majority of our native cormophytic 
plants show protective arrangements against an unfavourable season. 



Fig, Ji>4, — Plants with succulent sterns, a, Stajieliu grandijlvro ; b, Coreus Pringlei ; 
c, Euphorbia leroso. (' nM . size.) 

In the favourable period they resemble hygrophytes in not requiring 
any special protection against excessive transpiration, but they behave 
as extreme xerophytes during the unfavourable period. Such plants 
are spoken of as tropophytes. 

The plants of periodically moist climates may be perennial woody 
plants (trees and shrubs), perennial herbaceous plants, and annual 
herbs. 

It is especially the leaves as the organs of transpiration that are 
exposed to risk during dry periods. Thus the shedding of the 
hygromorphic leaves before the unfavourable period in the case of 
deciduous trees or the dying down of the leafy shoots in many 
herbaceous plants is readily understood. A few evergreen plants with 
xeromorphous leaves (eg. the Conifers and lir e) appear as exceptions to 
this. Further, the embryonic tissue, from which the lost parts will be, 
replaced at the commencement of the favourable season, may require 
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to be specially protected from the risk of desiccation. This is effected 
in a variety of ways. 

1. The woody plants of periodically moist climates protect the 
growing points within WINTER BUDS (Fig. 195) during the dry or 
winter period. 

Such buds are protected by the bud-scales which are in close contact. These 
may be derived from entire primordial leaves that remain unsegmented but more 
commonly are formed from the enlarged and modified leaf-base. The upper 
portion of the leaf may scarcely develop or may be recognisable at the tip of 
the bud-scale in a more or less reduced condition. Thus in an opening bud 
of the Horse Chestnut ( Aesculus hippocaslanum) in the spring the small leaf- 
blade can be clearly seen in the case of the inner 
bud-scales, while it is scarcely visible on the 
outer scales. In other cases ( e.g . in the Oak) 
the bud -scales arise from stipules and thus also 
belong to the leaf-base. The base of a sub- 
tending leaf may remain and cover the axillary 
bud after the rest of the leaf is shed ; in Robinia 
such a leaf-base provides the entire protection 
for the winter-bud. 

Bud-scales are thick, leathery, and hard, and 
usually brown in colour. They are rendered 
even more effective in protecting the buds from 
desiccation by corky or hairy coverings, by 
excretions of resin, gum, or mucilage, and by 
the enclosure of air between the scales. Resin, 
etc., are usually secreted by peculiar, stalked, 
glandular hairs or colletkrs (cf. Fig. 53) ; in the 
case of the winter buds of many trees {e.g. the 
Horse Chestnut) a mixture of gum and resin is 
thus secreted and, becoming free on the bursting 
of the cuticle, flows between the scales, sticking 
them together. When the buds open in the Fl °* n*5.— Winter buds of the Beech 
spring the bud-scales as a rule are shed. The 
internodes between them being very short, the 

scales leave closely crowded scars on the shoots by the help of which the growth 
of successive years can be recognised. 

2. The perennial herbs sacrifice not only the leaves but whole 
leafy shoots with their buds, so far as these project in the air and are 
exposed to the danger of drying. The buds that persist through the 
winter may be just above the surface of the soil but protected by 
fallen leaves or by snow, or they are subterranean (geophytes) and 
more effectively protected both against desiccation and frost by the 
surrounding earth. 

When the persisting buds are above ground they may be borne on creeping 
surface shoots {e.g. tiaxifraga, Stellaria hofostea, Thymus , etc.), or on subterranean 
shoots or rhizomes, as in the perennial rosette-plants ( Beilis , Taraxacum, Primula ), 
and in biennials which pass the winter with a rosette of leaves {e.g. Verbaseum , 
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Digitalis , etc.). Here also, as in the case of geophytes, subterranean storage 
organs may occur. 

In the GEOPHYTES ( 101 ) or herbs with subterranean buds which 
persist through the winter, the parts which bear the buds have a 
construction corresponding to their life in the soil. They may be meta- 
morphosed shoots (rhizomes, tubers, bulbs), or metamorphosed roots 
root-tubers). The buds that form new shoots in the spring require 
a supply of food - materials, especially when they are placed some 
distance below the surface. These food-materials were constructed 
in the preceding favourable season before the aerial shoots died down. 

„ The subterranean 

1 ^7 organs, formed 










&>g\ I %/ organs, formed 

kr g el y of stora g e 

parenchyma, are 
_ naturally thick or 

1! \ swollen, to allow of 

the accumulation of 
^ reserve - materials. 

Such storage organs 

/v v j J) are utilised by 

many animals and 
_ jy by man as a source 

pleted at the com- 
^ mencement of the 

— f\ * period favourable 

for vegetation, and 

^ then (except in the 

Fig. 196. —Part of a growing Potato-plant, Solanum tuberosum. The case of manv 
whole plant has been developed from the dark -coloured tuber >. -V. 

in the centre. (| nat. size. After Schenck ) rhizomes) perish 

and are replaced. 

(a) Root- stocks or rhizomes and stem -tubers are colourless 
subterranean shoots, the former being thick or relatively thin with 
shorter or longer internodes (Figs. 121, 139), while the latter (e.g. 
the Potato-tuber, Fig. 196) are greatly thickened. The leaves, as is 
the rule in subterranean shoots, are developed as scales. The reserve- 
materials are stored in the stem, which is on this account usually 
swollen. By the presence of scale-leaves, with their axillary buds, 
the absence of a root-cap and the internal structure, a rhizome or 
tuber can be distinguished from a root. 


whole plant has been developed from the dark -coloured tuber 
in the centre. (| nat. size. After Schenck ) 


While all transitions between rhizomes and shoot-tubers exist, roots are usually 
absent from the latter, while the rhizomes, which may grow horizontally, obliquely, 
or vertically, and be branched or unbranched, as a rule bear roots. 

In Fig. 139 is shown the rhizome of Solomon’s Seal ( Polygonatum multi- 
florum ), which has been already referred to as an example of a sympodium. At 
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c, d, and e are seen the scars of the aerial shoots of the three preceding years ; at 
h may be seen the base of the stem growing at the time the rhizome was taken 
from the ground, while at a is shown the bud of the next year’s aerial growth. 

The tubers of the Potato, of Colchicum autumnale , and Crocus saiivus , are 
examples of stem-tubers. The tubers of the Potato (Fig. 196) are subterranean 
shoots with swollen axes and reduced leaves. They are formed from the ends of 
branched underground shoots or runners (stolons), and thus develop at a little 
distance from the parent-plant. The so-called eyes on the outside of a potato, 
from which the next year’s growth arises, are in reality axillary buds, but the 
scales which represent their subtending leaves can only be distinguished on very 
young tubers. The parent-plant dies after the formation of the tubers, and 

the reserve-food stored in the tubers nourishes 
the shoots which afterwards develop from the 
eyes. 

In the Autumn Crocus (Fig. 830), new tubers 
arise from axillary buds near the base of the 
modified shoot, but in the Saffron (Fig. 839), 


I-'ii.. I • • 7 . Longitudinal section 

of Tulip lmll., Ct’fim rin mi. 

zk, Modified stem; scale-leaves; 
v, terminal bud ; /V. rudiment of a 10S.-- lb>ot-tul» i s of Dohlia m . the 

younjr bulb; ,/*. roots. (Nat. lower portions of the cut stems. U sizm 

Size. Alter Si-iiknck.) After Schfvk.) 

from buds near the apex. In consequence of this, in the one case the new 
tubers appear to grow out of the side, and in the other to spring from the top of 
the old tubers. 

The Radish is also a tuberous stem, although only a portion of a single 
internode, the hypocotyl of the seedling, is involved in the swelling. Ihe upper- 
most portion of the main root also contributes to this. 

The Kohl rabi has an above-ground tuberous stem derived from a number of 
internodes of the shoots and rich in stored reserve-mat. vials. 

(/>) Bulbs Onion, Tulip, Hyacinth) also lu»long to the class 
of subterranean metamorphosed shoots. They represent a shortened 
shoot with a battened discoid stem (Fig. 197 zk), the lleshy thickened 
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scale leaves (:s) of which are filled with reserve food -material. The 
aerial shoot of a bull) develops from its axis, while new bulbs are 
formed from buds (k) in the axils of the scale-leaves. 

(c) Other herbaceous perennials of periodically moist climates 
(e.g. the Dahlia and many Orchids) form ROOT-TUBERS (Figs. 198, 199). 
They resemble the stem-tubers, though their true nature can be 
recognised by the presence of a root-cap, the absence of leaves, and 
the internal structure. Tuberous main roots are found in the Carrot 
and the Beet, both of which are biennial plants. 


The morphology of the tubers of the Orchidaceae is peculiar ; they are ovate 
(Fig. 199, cf. Figs. 857, 861) or palmately divided ( Orchis latifolia , Fig. 858). 
They are, to a great extent, made up of a fleshy swollen root terminating above in 


a shoot-bud. In the adjoining figure (Fi. 



Fio. 109.— Root-tuber of Orchis somewhat (Ungrammatically 
represented, t', The old root-tuber ; the young root- 
tuber ; h , floral shoot ; s, scale-loaf with axillary bud, k. 
from which the new tuber bus arisen ; r. ordinary adven- 
titious roots; n, the scar on the old tuber marking its 
attachment to its parent -sIid u ■ v.) 


199) both an old {l') and a young 
tuber ((") are represented still 
united together. The older 
tuber has produced its flower- 
ing shoot (6), and has begun to 
shrivel ; a bud, formed at the 
base of the shoot, in the axil 
of a scale-leaf (s), has already 
developed an adventitious root 
which has given rise to the 
younger tuber. Roots of 
ordinary form arise from the 
base of the stem above the 
tuber. 

Many bulbs, tubers, and 
rhizomes occur at a sPKrmo 
depth, which may, however, 
vary with the nature of the 
soil. Thus the rhizome of 
fhri. s- is placed at a depth of 
2-5 cm., that of Arum, at 6-12 
cm., of ColcMcum at 10-16 cm., 
The seeds of these plants germinate close 


and of Asparagus officinal Is at 2u-au cm. 

to the surface of the soil so that the subterranean shoots of the young plants must 
penetrate more and more deeply into the earth. This may he effected by the 
movements of growth of the stem (cf. p. 346) or by contractile roots. Thus in 
Lilinm (Fig. 200) all the roots are highly contractile ; this is best seen in Fig. 200, 
3, where the two lowest roots have contracted strongly and so altered the position 
of the bulb that the higher roots appear curved near their attachment. When the 
bulb has reached the proper depth it is only drawn down each year to compensate 
for the onward growth of the growing point. In other cases all the routs are not 
contractile (Arum), or only one or a few contractile roots are developed ■< Vm.o/.v, 
Gladiolus). While the above examples are of lateral roots a similar result may he 
brought about by the main root. Thus in some rosette-plants the main root 
continues to contract as -erondary growth proceeds, so that the growing point of 
the shoot is drawn down each year as much as it is raised by its own growth, and 
the rosette of leaves remains pressed against, the surface of the soil [ <\<j. <0 -n liana 
hi tea). 
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3. Annual herbs do not retain their vegetative organs during the, 
unfavourable season, which they pass safely in the form of dry seed4 
within which the reserve materials are stored. 

The more uniformly favourable for vegetation the climate is 
throughout the year (as in the moist tropical regions) the more do 



Fio. 200. —.M, Germination of IAlium martagon (reduced). The horizontal line marks the surface 
of the soil ; the vertical line is graduated in centimetres. 1, Seedling attached to seed ; 
2, plant at end of the second year ; ;i, young plant still descending in the soil ; U y full-grown 
plant at its normal depth. />, Cokhicum antumnale (somewhat reduced). The original 
position of the tuber, which has been altered by the contraction of the roots, is shown by 
the dotted outline, fi, Contracted root of Lilium. (x 6. After Him bach.) 

evergreen woody plants preponderate, though evergreen perennial 
herbs are also present. On the other hand, as the periodicity in the 
climate becomes more extreme, as in regions with a long dry period or 
in climates with severe winters, the percentage of deciduous tropophytes 
with marked protective arrangements increases, while annual plants 
and geophytes preponderate among the herbs. Annual plants become 
rare in regions where the growing season is very short and cold as in 
the case of arctic and alpine floras. 
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(b) Adaptations for obtaining Light ( 96 ) 


In the luxuriant vegetation produced under favourable climatic 
conditions plants of large or gigantic size are met with. The primeval 
tropical forest is composed of such large trees (cf. also p. 133), beneath 
the shade of which larger and smaller evergreen shrubs and ever- 
green herbaceous plants live. The direct sunlight is in large part 
intercepted by the foliage of the upper strata of this vegetation and 
does not reach the smaller plants. 

In the struggle for light and space two groups of cormophytes of 
characteristic construction have emerged, in addition to trees and shrubs. 
These are the climbing plants or lianes and the epiphytes. They 



Fro. 201.— Portion of stem and leaf of the common Pea, 
Pimm sativum, s, Stem ; n, stipules ; b, leaflets of the 
compound leaf ; r, leaflets modified as tendrils ; a, floral 
shoot. G nat. size. After Schengk.) 


F io. 202 . — Lathy rus A phaca. 
s, Stem ; n } stipules ; 
b, leaf-tendril. G nat. 
size. After Schknck.) 


are specially characteristic of the tropics, though also represented in our 
native flora. 

1. Lianes op Climbing Plants ( 102 ). — These are able without great 
expenditure of material in the construction of columnar stems to raise 
their foliage above the shade of the forest and obtain stronger light. 
Their slender stems climb by the help of the shoots, trunks, and 
branches of other plants. It is the rope-like stems of lianes that 
render many parts of the tropical jungle almost impenetrable. 

Climbing is effected in a number of different ways. Some plants 
scramble by means of hooked lateral shoots, by hairs and prickles, by 
a combination of these or by means of thorns (e.g. Galium aparine , 
Roses, Solanum dulcamara ) ; others climb by means of roots (root- 
climbers, e.g. Ivy, many Araceae, Fig. 826), or by twining stems 
(twining PLANTS, e.g . Hop, Scarlet Runner Bean) ; in others tendrils 
are developed as special organs of attachment (tendril-climbers). 
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Tendrils are slender, cylindrical, branched or unbranched organs ; they 
are irritable to contact (cf. p. 356), and thus able to encircle supports 
to which they attach the plant. They may be metamorphosed 
SHOOTS (stem-tendrils) as in the Vine, the Wild Vine (Fig. 203), and 
the Passion-flower. In other cases they are transformed leaves 
as in the Gourd, the Cucumber, and Lathyrus aphaca (Fig. 202) ; 
in the last example the functions of the leaf-blade, which has become 
the tendril, have been assumed by the expanded stipules. In the Pea 
(Fig. 201) and many other cases the uppermost leaflets of the pinnate 
leaf form a branched tendril. 

In some forms of the Wild Vine Parthenocissus (Fig. 203) the 
branched tendrils bear attaching discs at their tips and can thus fasten 
the plant to flat surfaces. 


R 


The great width of the vessels and sieve-tubes is characteristic of almost all 
lianes. In tropical climbers anomalous secondary growth ( Jwa ) is frequently met with, 
resulting in a subdivided, woody mass that renders 
the long, rope-like stems capable of withstanding 
bending and twisting. A very peculiar structure 
is exhibited by many lianes of the Bignoniaceae, 
tin* wood of which is cleft by radially- projecting 
masses of bast (Fig. 205). The primary stem of the 
Bignoniaceae shows the ordinary circular arrange- 
ment of the vascular bundles. Wood and bast are 
at first produced from the cambium ring in the 
usual manner, and an inner, normal cylinder of axial 
wood is formed. The cambium ring, after performing 
for a time its normal functions, begins, at ceitain 
points, to give off internally only a very small 
quantity of wood, and externally a correspondingly 
large amount of bast. As a result of this, deep 
wedges of irregularly-widening bast project into 
the outer so-called periaxial wood (Fig. 205). The 
originally complete cambium becomes thereby broken 
into longitudinal bands, which are bioader in front of the projecting wood than at 
the apices of the bast- wedges. As the periaxial wood is always developed from the 
inside and the wedges of bast from the outside of thru i os]u dive cambium bands, they 
extend past each other without forming any lateral connection. Several woody 
cylinders are found in a number of tropical lianes belonging to Scrjania (Fig. 204) 
and Paullima , which an- gem ra of the Sapindaceae. This anomalous condition 
arises from the unusual position of the primary vascular bundles, winch are not 
ananged m a circle but form a deeply-lobed ring; so that, by the dewlopment 
of interfascicular cambium, the cambium of each lobe is united into a sepaiate 
cambium ring. Each ot these rings, independently of the others, tlu n gives 
rise to wood and hast (Fig. 204). 



Flo 203 . — 1‘ trtheno'i'i\U'> hi- 
cuspuinta A\ Stein tendrils. 
G iut A 1 1 « ■ l Noil ) 


2. Epiphytes ( lu,i ). — In another group of cormophytes the leaves 
obtain stronger light by the plants being a hie to establish tiienisehes 
on the stems ami branches of high trees instead ot being rooted m the 
ground, {Such plants are teimed epipln tes. Nin e the trees only 
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afford them support they may be replaced by inorganic substrata such 
as rocks. Only such plants as have seeds which will be carried by 
wind or animals to the branches of trees can adopt an epiphytic mode 
of life. The supply of the requisite water and nutrient salts will 
evidently be a difficulty. Consequently special adaptations are found 
to meet this ; in many epiphytes shoot-tubers serve for water storage 
(e.g. in the Orchidaceae), being replenished in moist periods, or there 
may be adaptations to catch water more directly. 



Flo. 204. -■ -Trans vim-m' sort. km of 
the stem of .sviyu/tu Loro.vt- 
teunn. sic, Part of the rup- 
tured sclrn nchymabous rinj' 
of the perieycle ; 7 and l*, bast 
/ones; /;/, wood ; m, medulla, 
(x 2. After Stuasiukokk.) 


Fio. 205. — Transvi'i sr section of the stem of one of the 
Bignoniaceae. (Nat. size. After Son enck.) 


In our latitudes epiphytes are represented only by some Algae, Lichens, and 
Bryophyta growing on the bark of trees ; most of these can withstand dessication. 
In the tropics, however, many cormophytes live as epiphytes. These plants 
belong especially to the Pfceridophyta and the families Orchidaceae, Bromeliaceae, 
and Araeeae, etc. 

Their difficulty in obtaining water explains why the tropical epiphytes are nearly 
all well-marked xerophy tes [ Fig. 191). Tliey arc fastened by attaching roots which 
are relatively short, iinbraiwlnd. and negatively heliotropic, and grow round and 
clasp the branch on which the plant grows. In addition to these attaching roots, 
much longer absorbent roots are found in many Araeeae, hanging down freely in 
the air without branching until they reach the soil. 

Most epiphytes, however, have no connection with the ground and are dependent 
on the rainfall for their water-supply ; they frequently have special arrangements 
for collecting and retaining this. The many-layered epidermis of the aerial roots 
of many Orchids, and of various Aroids, undergoes a peculiar modification 
and forms the so-called velamen, a parchment- like sheath surrounding 
the roots, and often alfaining a. eon.-dd'Tablc thickness. The cells of this 
enveloping sheath are generally provided with spiral or reticulate thickenings, 
and lose their living contents. They then become filled with cither water or 
air, depending upon the amount of moisture contained in the surrounding 
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atmosphere. These root -envelopes absorb water like blotting-paper; when the 
velamen is filled with water the underlying tissues impart a greenish tint to the 
root ; but if it contains only air the root appears white. In other epiphytic 
Orcliidaceae and Araceae there are upwardly-directed roots forming a branched 
network in which falling leaves, etc., are caught and transformed into humus that 
retains moisture. Among the Ferns also there are epiphytes which collect humus 
by means of their leaves. 

In Aspleninm nidus the 
leaves form a rosette 
enclosing a funnel- 
shaped cavity above the 
summit of the stem, and 
humus accumulates m 
this. In species of Poly- 
podium and Plaly cerium 
special pocket -leaves and 
mantle-leaves serve for 
the accumulation of 
humus and water. The 
transformation of the 
leaves of the Ascle- 
piadaceous plant Dis- 
chidia rafflesiana (Fig. 

206 ) goes still further. 

Some of the leaves 
form deep pitchers with 
narrow mouths in which 
the water of transpira- 
tion becomes condensed ; 
roots, wdiich branch 
freely, grow into the 
pitchers, and obtain not 
only water but valuable 
nitrogenous substances. 

The pitchers ai e, in fact, 
usually tenanted by 
colonies of ants, and 
their excreta and ic- 
mains form a souiee of 
food to the plant. 

The American P»ro- 
meliaceae alibi d an extreme type of epiphytic plants in which the roots may 
be completely wanting (r.y. Tillaudsia usneoidrs ) m mivc for attachment only 
The absorption of water is entirely by means of peculiai, expuided, peltate hails 
borne oil the leaves. In nmi\ ot these plants water collects m the cavities iomied by 
the closely associated lea I -bases, and the plants ate -poken ot as cistern Ei’irux rhs. 

(e) Adaptations of Green Cormophytes to special Modes 
of Nutrition 

The so-called insectivorous or cvuMVORors plxnts must bo 
referred to here ( lul ). These are plants pioxided u ith .mangements 



with !(>luua‘-lra\ es (/) and juteli**! 

.it i’ii p'.ilh , ", ('I'fiim" ; .1 h , 

’ i.at Si'e. Aftei Iltm, ) 
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for the capture and retention of small animals, especially insects, and 
for the subsequent solution, digestion, and absorption of the captured 
animals. All these insectivorous plants are provided with chlorophyll, 
and can thus live autotrophically. 

A great variety of contrivances for the capture of insects are made 
use of by carnivorous plants. The leaves of Drosera are covered with 
peculiar emergences (“ tentacles ”), the stalks of which are traversed 
by vascular strands while the glandular extremities discharge a viscid 
acid secretion (Figs. 207, 208). A small insect which comes in 
contact with any of the tentacles is caught in the sticky secretion, 
and in its ineffectual struggle to free 
itself only comes in contact with other 
glands and is even more securely held. 
Excited by the contact - stimulus, all the 
other tentacles curve over and close upon 


Fio. 207.— Leaves of Drosera rotundifolia. That on the left with its partly incurved tentacles is 

viewed from above, that on the right with expanded tentacles from the side, (x 4. After 

Darwin.) 

the captured insect, while the leaf-blade itself becomes concave and 
surrounds the small prisoner more closely. 

In Pinguicula it is the leaf margins which fold over any small insects that may 
be held by the minute epidermal glands. In species of Uiricularia (Fig. 209), 
which grow frequently in stagnant water, small green bladders (metamorphosed 
leaf-segments) are found on the dissected leaves. In each bladder, which is filled 
with water, there is a small quadrangular opening closed by an elastic valve, which 
only opens inwards. If small aquatic animals, especially crustaceans come in 
contact with one of the four lever-like bristles projecting from the lower margin of 
the lid of the bladder or with the lid itself, they are drawn into the bladder by a 
peculiar '* gulping movement”; this comes about by the release of the elastic 
tension of the wall, dependent on a cohesion mechanism (cf. p. 336). The valve 
springs back into place and closes the opening so that the animals are imprisoned. 
Hairs projecting from the inner surface of the bladder absorb the digested remains 
of the animals and also some of the water. In this way the condition of elastic 
tension is re-establised and the bladder is again ready to perform the gulping 
movement ( 106 ). 
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More remarkable still, and even better adapted for its purpose, is 
the mechanism exhibited by some exotic insectivorous plants. In 
the case of Venus’s fly-trap ( Dionaea ), growing in the peat-bogs of North 
Carolina, the capture of insects is effected by the sudden closing together 
of the two halves of the leaf, which are fringed with long bristles. 
Fig. 210 shows a leaf of Dionaea in the expanded condition, ready for 
the capture of an insect. 


The rare European water-plant Aldrovanda has similarly formed leaves. 

In the case of other exotic insectivorous plants ( Nepenthes , 
Cephalotus , Sarracenia , Darlingtonia ), the traps for 
the capture of animal-food are formed by the 
leaves which grow in the shape of pitchers (Figs. 
211, 212). The leaves of Nepenthes , for example, 
have the form of pitchers which are usually 





Fio. 208. — Tentacle of 
Drosera rotundifolia. 
(x 60. After Stras- 

BURGER.) 


Fia. 200. — UtriculaiHa wlgaris. A, Part of leaf with several 
bladders (x 2). B , Single pinnule of leaf with bladder (x 6). 
C, Longitudinal section of a bladder (x 28); r, valve ; a, wall 
of bladder. (A, B, after Schenck; C, after Goebel.) 


roofed over by a lid that probably serves to keep the rain- 
water out ; the pitcher, as Goebel has shown, arises as a 
modification of the leaf-blade. At the same time the leaf-base 
becomes expanded into a leaf-like body, while the petiole between 
the two parts sometimes fulfils the office of a tendril. These 
trap-like receptacles are partially filled with a watery fluid excreted 
from glands on their inner surfaces. Enticed by secretions of honey 
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to the rim of the pitcher (in the case of Nepenthes ), and then slipping 
on the smooth surface below the margin, insects and other small 
animals fall into the fluid. They are prevented from climbing out by 
the smooth waxy covering of the inside of the pitcher. 


B. Heterotrophic Cormophytes ( 106 ) 


The green cormophytes utilise the light and by means of their 
chlorophyll construct organic substance from carbon - dioxide and 
water; they also require to transpire in order to accumulate the 
nutrient salts from the soil in sufficient amount. Besides these forms 
others, which obtain some or all of their organic substance directly 
from the environment, are met with among cormophytes, just as they 
occur among the thalloid plants. They do not depend upon light 
or transpiration, and frequently live at the expense of other living 



organisms as parasites. 
The peculiar form of these 
plants and the contrast they 
present to the green cormo- 
phytes are related to their 
special mode of nutrition. 
From the changes in their 
external appearance it is 
evident how far-reaching is 
the influence exercised by 
the chlorophyll. With the 
diminution or complete dis- 


Fio. 210.— A leaf of Dionaea mwcipula, showing the appearance of chlorophyll, 

sensitive bristles on its upper surface, which, in the f b e develonmpnt nf larcyl 

parts shaded, is also thickly beset with digestive , « . ^ 

glands, (x 4. After Darwin.) leal - surfaces, so especially 

fitted for the work of 

assimilation and transpiration, is discontinued. The leaves shrink 


to insignificant scales, or are completely wanting. The stems 
also are greatly reduced and, like the leaves, have a yellow instead 
of a green colour. Since there is no active transpiration the roots 
in many forms are reduced. Consequently the xylem portion of the 
vascular bundle remains weak, and secondary wood is feebly developed. 
In contrast to theso processes of reduction resulting from a cessation 
of assimilation, there is the newly-developed power in the case of 
parasites to penetrate other living organisms (the hosts) and to deprive 
them of their assimilated products. 


Some exotic parasitic plants, especially the Rafflesiaccae, have 
become so completely transformed by their parasitic mode of life that 
they develop no apparent vegetative body at all, and do not show the 
characteristic segmentation of cormophytic plants, but grow altogether 
within their host-plant, whence they send out at intervals their extra- 
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ordinary flowers. In the case of Pilostyles , a parasite which lives on 
some shrubby Leguminosae, the whole vegetative body is broken up 
into filaments of cells which penetrate the host-plant like the mycelium 
of a fungus. The flowers alone become visible and protrude from the 
stems and leaf-stalks of the host-plant (Fig. 213). The largest known 
flower, which attains a diameter of 1 metre, is that of the Sumatran 



Fin. 211 . — Nepenthes mhnsta. (J nat. size. After Si hi n» k.) 


Fio. 21*2. — Pitcliored leaf of a 
Nepenthe#. A portion of the 
lateral wall of the pitcher 
has been removed in order to 
show the digestive fluid (F), 
excreted by the leaf -glands. 
(A nat. size. After Noi.l.) 



parasitic plant Rafflesia Arnoldi ; it is seated immediately on the roots 
of its host-plant, which is a species of Cissus. 

Cuscuta europea (Fig. 214), a plant belonging to the family of the Convolvu- 
laceae, may be cited as an example of a parasitic Phanerogam. Although, owing to 
the possession of chlorophyll, it seems to some extent to resemble normally assimi- 
lating plants, the amount of chlorophyll present is in reality so small that it is 
evident that Cuscuta (Dodder) affords an example of a very complete parasite. 
The embryonic Cuscuta plantlet, coiled up in the seeds, pushes up from the 
ground in the spring, but even then it makes no use of its cotyledons as a means 
of nourishment ; they always remain in an undeveloped condition (Fig. 214 at the 
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right). Nor does any underground root-system dovelop from the young rootlet, 
which soon dies off. The seedling becomes at once drawn out into a long 
thin filament, the free end of which moves in wide circles, and so inevitably 
discovers any plant, available as a host, that may be growing within its reach. 
In case its search for a host-plant is unsuccessful, the seedling is still able to creep 
a short distance farther at the expense of the nourishing matter drawn from the 



Fi<;. 213.— Branch of a leguminous plant from the surface of which the flowers of a parasitic 
plant (Pilostyles Uh i, Solms, belonging to the Uafflcsiacrac) are protruding. (From Gokp.f.i/s 
Organography.) 

other extremity of the filament, which then dies off (t) as the growing extremity 
lengthens. If the free end, in the course of its circling movements, comes 
ultimately into contact with a suitable host-plant, such as, for example, the 
stem of a Nettle or a young Willow shoot (Fig. 214 in the centre), it twines 
closely about it like a climbing plant. Papillose protuberances of the epidermis 
are developed on the side of the parasitic stem in contact with the host-plant, 
and pierce the tissue of the host. If the conditions are favourable, these prk- 
HAUSTOIUA are soon followed by special organs of absorption, the havstohia (//). 
These arise from the internal tissues of the parasite, and possess, in a marked 
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degree, the capability of penetrating to a considerable depth into the body 
of the host-plant. They invade the tissues of the host, apparently without 
difficulty, and fasten themselves closely upon its vascular bundles, while single 
liypha-like filaments produced from the main part of the liaustoria penetrate the soft 
parenchyma and absorb nourishment from the cells. A direct connection is 



Fio. 1 4 . ('usciitn On t he .right , germinating seedlings. In the middle, a plant of 

Cns,-nt,> parnsit ie on a Willow twig ; !>, reduced leaves ; HI, flower-clusters. On the left, cross- 
section of the host-plant IT; showing liaustoria H of the parasite Cus, penetrating the cortical 
parenchyma and in intimate contact- with the xylem /• and the phloem c of the vascular 
bundles ; s, displaced cap of sheathing sclerencliynia. (After Noll.) 

formed between the xylem and phloem of the bundles of the host-plant and the 
conducting system of the parasite, for in the thin- walled tissue of the liaustoria 
there now develop both wood and sieve- tube elements, which connect the corre- 
sponding elements of the host with those of the parasitic stem (Fig. 214 at the 
left). Like an actual lateral organ of the host -plant, the parasite draws its 
transpiration water from the xylem, and its plastic nutrient matter from the 
phloem of its host. 
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The seeds of Orobanche (Broom Rape), another parasite, only germinate when in 
contact with the roots of the host-plant ; only its haustoria penetrate the roots, 
and its light yellow, reddish-brown, or amethyst-coloored flower-shoot appears 
above the surface of the ground. Orobanche (Fig. 792), like Cuscuta, contains a 
small amount of chlorophyll. Both are dreaded pests ; they inflict serious damage 
upon cultivated plants, and are difficult to exterminate. 

A similar appearance to Orobanche is presented by some plants which grow in 
the humus soil of woods : certain Orchids ( Neottia , Coralliorrhiza , Epipogon) and 
Monotropa. The absence of chlorophyll, the reduction of the leaves to scales, and 
(in Coralliorrhiza) the absence of roots also (cf. Fig. 215), are indications that 
these plants obtain organic material from without. 

In contrast to parasites, which have come to be wholly dependent on their host- 


plants, there are others which have w r ell-developed 
green leaves and are capable of assimilation. Good 
examples are afforded by our native Mistletoe 
(Fig. 652) and other exotic Loranthaceae (cf. p. 262) 
which are parasitic on trees. 


1 a II. Organs of Reproduction ( 107 ) 

A. Significance of Reproduction to the 
Hji Organism. — A natural or an accidental death 

Wjf ,y is the end of every organism. For the 

rj nJ&kC* maintenance of living beings reproduction 
j|fV| PI is thus as essential as nutrition. The main 

vlA feature of reproduction consists in portions 
of an individual continuing after its death, 
and P ossess i n g the power of developing into 
UP i new individuals. The simplest type of 

„ 01-0,- . „ reproduction is met with in the division 

Fm. 21o. — Rluzome of Corallor- . r . 

rhizainnata. «, Floral shoot ; into two and the separation ot the daugnter- 
b, rudiments of new rhizome ce lls 0 f many unicellular plants. Some 
“ht.) (Nat ' Size ' Aftcr simply organised, multicellular Thallophytes, 
such as Spirogyra, are not far removed from 
this ; the filament falls into the constituent single cells, and each of 
these, by repeated cell-division, gives rise to a new multicellular 
individual. As a rule, however, reproduction involves the formation 
of special germs which are separated from the parent-plant, and later, 
on germination, give rise to young daughter-organisms which grow 
into new individuals like the parent. 

While in the unicellular and in simpler multicellular plants every 
cell can serve for reproduction, in all the more highly organised plants 
a division of labour is apparent between vegetative organs and repro- 


ductive organs. The latter are specially constructed for the produc- 
tion of reproductive cells or germs. With the higher organisation of the 
plants, the division of labour becomes increasingly marked and 
parts of the body are now definitely devoted to reproduction. The 
subdivision of the vegetable kingdom into Classes, Orders, Families, 
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etc., is based ip the first place on the diversity of structure and position 
of the organs of reproduction. 

B. General Properties of the Germs. — The construction of the 
germs, as in the case of the vegetative organs, is closely connected 
with the purposes they have to serve. 

The small size of most reproductive bodies, in comparison with the 
parent-organism, is characteristic. The parent-plant can thus produce 
numerous germs without excessive expenditure of material, while at 
the same time the distribution of the germs is facilitated. 

The object of reproduction is not merely the production of a new 
individual in place of the parent, but an increase in the number of 
individuals. Since the majority of the germs may not meet with 
favourable conditions for their germination and growth, and a large 
number will perish before they can in turn reproduce, the pro- 
duction of only a single germ would result in the speedy extinction 
of the species. An apparently prodigal production of germs is thus 
the rule. A cap-fungus or a fern may form millions of spores ; a 
poplar tree, according to Bessey, may ripen twenty-eight million 
seeds annually. 

Provision is further necessary for the separation of the germs 
from the parent and their dispersal widely from it. In the immediate 
neighbourhood there may not be the conditions for germination, or 
there may be no room for the development of the progeny. 

Lastly, it is necessary for the germs to be provided with reserve 
food-materials from the parent-organism, in order that their develop- 
ment, until they are able to nourish themselves, should be ensured. 

Frequently the reproductive bodies serve to carry the organism 
over cold or dry periods that are unfavourable to active life. They 
pass into a resting condition (p. 205), in which they are more 
resistant to injurious influences (desiccation, frost, heat, poisons). 
Such germs are usually thick-walled, and only germinate on the 
return of favourable conditions. 

C. Types of Reproductive Bodies. — The germs which can develop 
into plant - bodies composed of many cells may themselves be 
unicellular (spores) or multicellular (gemmae and seeds). Two types of 
reproduction are readily distinguished in plants of nearly all the 
classes of the vegetable kingdom. 

In the first type, cells or multicellular bodies are formed which can 
develop into a new independent individual on their separation 
from the parent, either at once or after a period of rest. This 
kind of reproduction is termed vegetative, asexual, or mono- 
genetic. 

In sexual reproduction, the second of the two modes of 
reproduction, two kinds of reproductive cells, each of which carries 
the characters of the organism producing it, are formed, but 
neither is directly capable of further development, and both perish 
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the rosette ; they root from the terminal bud, which becomes independent by the 
subsequent decay of the runner. Many bulbs and tubers serve for reproduction 
in the higher plants, as do also bulbils (Fig. 216) and the winter-buds which 
become detached as the hibernacula of a number of aquatic plants (e.g. 
Hydrocharis , Stratiotes). 

Buds may also arise in places where no growing points are normally present ; 
they are then adventitious (cf. p. 118). 

Many herbaceous perennials, without forming special organs of vegetative repro- 
duction, increase in number of individuals by the decay of the older portions 
of their branched rhizomes isolating the branches. Among Sea-weeds also the 
mechanical action of the surf may separate portions of the thallus which can grow 
into new thalli. Caulerpa is propagated in this fashion. 


2 . The Formation of Reproductive Cells 
(a) Asexual Reproductive Cells (Spores). — These originate in 


two ways. 1. In many Fungi 
germ- cells are isolated by budding 
and constriction from certain 
hyphae as exospores or conidio- 
spores (Fig. 217c). 2. In other 

Fungi,inthemajorityof the Algae, 



Fig. 217. — Conidiophore of Aspergillus 
herbariorum. (x 540. After Kny.) 



Fig. 218 .—Saprolegniamixta. Sporangium from 
which the biciliate zoospores (sty are escap- 
ing. (After Q. Klebs.) 


in Bryophyta, and in Pteridophyta, the asexual cells originate as endo- 
spores or sporangia L spores in special receptacles (sporangia), and 
emerge through openings in the wall of these (Figs. 218 $ 2 , 222 sp). 
These sporangia in the Thallophyta are single cells, the protoplast of 
which usually divides to give rise to several or many endospores (Fig. 
222 sp). In the Bryophyta and Pteridophyta the asexual cells are 
always developed in special sporangia of more complicated structure 
than in the Thallophyta. These sporangia are multicellular structures, 
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Fungi, and this is the rule in the Bryophyta and Pteridophyta. The 
larger gametes, which contain abundant reserve-materials, are female 
( $ ) and the smaller are male ( 3 ). The female gamete may be non- 
motile when it is known as an egg-cell (oosphere). In this case the 
small spermatozoi D seeks out and fertilises the large egg-cell 
(oogamy). In the case of oogamy the gametangia are usually 
unlike. In the Thallophyta, the cells in which the small naked 
spermatozoids arise in large numbers are termed antheridia (Figs. 
221, 2 a ; 222 a), while those within which one or more egg-cells 
are formed are the oogonia (Figs. 221, 2; 222 o n o n ). In the 
Bryophyta and Pteridophyta on the other hand the small antheridia 
(Fig. 223, 1) have a wall of sterile cells enclosing the spermatogenous 
tissue from which the spermatozoids are developed ; similarly the egg- 



Ftc. 22 1 .—Monoblepharis spliaerica. End of filament with terminal oogonium (o) and an antheridium 
(a). 1. Before the formation of the egg-cells and spermatozoids. 2. Spermatozoids (s) escaping 
and approaching the opening of the oogonium. 3. osp, ripe oospore, and an empty antheridium. 
(x 800. After Cornu.) 

cell is enclosed in a small, multicellular organ called an archegonium 
(Fig. 223, 2). 

Numerous transitions in the Thallophyta between the two conditions show 
clearly that oogamy has been derived phylogenetically from isogamy by way of 
heterogamy. From this it follows that the antheridia and oogonia of Thallophyta 
are homologous with one another, and also with the gametangia of the isogamous 
Algae and Fungi (cf. also Fig. 222). 

The egg-cell (oosphere) which is usually naked, frequently remains 
in the female sexual organ, in the wall of which an opening forms 
(Fig. 221, 2; 222 o, y o tn o; 223, 2). Fertilisation of the receptive 
oosphere results from the ciliated spermatozoids which have been 
liberated into the surrounding water, being chemotactically attracted 
(cf. p. 331) by substances excreted from the egg-cell. A single 
spermatozoid then fuses with the egg-cell. 
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The fertilised oosphere surrounds itself with a cell-wall and is now 
able either immediately, or after a period of rest as an uospouh (Fig. 
221, 3 oxp), to develop further. In the Bryophyta and Fteridophyta 
there arises by cell-division from the fertilised egg a mass of meri- 
stematic cells constituting the embryo, which grows on into the 
young plant. 

The sexual organs of the Spermatophyta have come to differ from 
those of the simpler types in ways that are not easy to characterise 
briefly. The male sexual cells are enclosed in the pollen-grains, and 
the female sexual cell or cells in the ovules of the flower. From this 
it follows that the fertilisation of the egg-cell in Spermatophyta takes 
place in a special way by the growth of a pollen-tube, after pollination 
(cf. the special part). 

2. The Process of Cell-Fusion in Fertilisation and its Results. — 

The actual process of fertilisation in its simplest form can be best 
observed in those lower organisms with similar gametes (Fig. 220). 

In these it can be easily shown 
that not ordy the cytoplasm of 
the two cells but sooner or later 
the nuclei also fuse. This fusion 
is the essence of fertilisation ; 
also, in all cases of heterogamy 
and oogamy, the sexual nuclei 
come together in the zygote 

Fio. 222. -Diagrams founded on Algae, sp, Spor- and ultimately fllSC. When 
angium with spores ; a,antheridium with sperma- the ma l e _ ce jl possesses cliroma- 
tozoids; o n oogonium with several, and o n with . i*i_* 

a single egg-cell ; u t the pore in the cell* wall. tophores, which in many Algae 

(Florideae, Cham, etc.) is not 
the case, they do not fuse with those of the female-cell. They 
either coexist in the fertilised cell or, when a constant number of 
chromatophores is maintained, disappear. 

In the typical process of nuclear division it has been seen that 
the nuclei of an individual possess a constant number of chromosomes 
characteristic of the species. The male gamete thus contributes as 
many chromosomes as the female gamete. These chromosomes do 
not fuse in the conjugation of the sexual nuclei, so that the nucleus 
of the zygote has double the number of chromosomes possessed by 
the sexual cells. It is DIPLOID and contrasts with the haploid nuclei 
of the gametes. 

The nuclei resulting from the further division of the nucleus of 
the zygote are as a rule diploid ; in each there are as many chromo- 
somes derived from the male- as from the female-nucleus. When 
the chromosomes of the haploid cells are characterised by differences 
in size and shape which are apparent at each nuclear division, the 
diploid nuclei show pairs of chromosomes of each size. These similar 
chromosomes, the one derived from the male- and the other from 
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the female-parent, as a rule, lie in pairs in the nuclear plate 
Fig- 14). 

Since the nuclei of the sexual cells of all the individuals of a 
race are always haploid, while the conjugation nucleus and as a rule 
the products of its division are diploid, there must be a change from 
the diploid to the haploid condition at some point in the developmental 
history of the individual. Were this not so, the number of 
chromosomes would double with each generation. 

The change is effected at the reduction-division ( 12 ), 
which is a peculiar nuclear division in which there 
is a separation to form the daughter-nuclei of entire 
chromosomes, and not half-chromosomes resulting from 
longitudinal splitting. This occurs at a definite 
point in the development, which, however, differs in 
different organisms. Thus a regular alternation of 
the haploid and diploid phases of 
the nucleus is characteristic of the 
ontogenetic development of sexual 
organisms. 

The reduction-division in contrast to 
the typical division is termed hetero- 
typic, and is also spoken of as meiosis. 

It is characteristic of this, that in the 
spireme stage of the prophase the nuclear 
contents become for a period contracted 
together at one side (synapsis, Fig. 224, 

2, 3). It is further characteristic of the 
succeeding stages that the paternal and 
maternal chromosomes become associated 
in pairs or gemini (parasyndesis) or 
more completely united. The number 
of these gemini is half as great as the 
number of chromosomes in the tissue- 
cells of the same plant, since two chromo- 
somes are represented by each geminus. 

The paired chromosomes become shorter 
and thicker and are distributed around 

the periphery of the nucleus ; this is the condition that has been termed 
diakinesis (5, 6). At this stage kinoplasmic filaments are becoming applied to 
the nuclear membrane (6) ; the latter disappears, and the nuclear spindle, which 
is at first multipolar (7) but ultimately becomes bipolar (8), originates from the 
kinoplasmic fibres. The paiied chromosomes become attached to the fibres of the 
spindle and arranged in an equatorial nuclear plate (8). Shortly afterwards the 
separation of the chromosomes, until now united in pairs, takes place (9). In 



Fi<.. 1*23.— 1. Antliendium, with wall of htenle 
cells enclosing tho spermatogenous tissue. 
2. Arcliegonium, with corresponding wall 
and an egg-cell. Both based on a Liverwort. 


THIS PROCESS, IN WHICH THE ESSENTIAL OF THE REDUCTION-DIVISION IS EFFECTED, 
IT IS NOT LONGITUDINAL HALVES OF CHROMOSOMES BUT EN'IIRE CHROMOSOMES 
which separate from one ANOTHER. The result of this is that each daughter- 
nucleus receives only half as many chromosomes as were found yi the tissue-cells 
of the same plant, and that these chromosomes may be male or female. Since 
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chromosomes of corresponding lengths are always associated in the gemini, one 
being derived from the male and the other from the female parent, and theso 
chromosomes separate from one another in the reduction-division, each haploid 
daughter- nucleus must inherit some chromosomes from the father, and others 
from the mother. Which chromosomes come from the one or other parent appears 
to bo determined by chance. The formation of the daughter-nuclei is completed 



■ 


Fio. 224.— Pollen-mother-eell of a Lily in division, somewhat diagrammatic. Flutter description 


in text. (After Stiiasbi : r«er.) 


(10) as in an ordinary division, but following promptly on the first reduction- 
division, which is also known as the heterotyre division, comes a second or 
homotype division, which in all essentials follows the typical course (11, 12). Thus 
two rapidly-succeeding nuclear divisions (tetrad-formation) are characteristic 
of most cases of reduction. In the homotypic division longitudinal halves of 
chromoson.es separate as in the typical division. A difference, from the latter is 
that the chromosomes are not split longitudinally in the prophase of the homotypic 
division itself, but, as it seems, were already split in the prophase of the preceding 
reduction-division without the halves thus formed separating. 
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It appears possible that an exchange of substance takes place between the 
chromosomes when they are associated in pairs ( u0 ). 

The fundamental difference between the somatic nuclear division and the 
reduction-division may be made clearer by means of a diagram. Fig. 225 A 
represents a somatic division with longitudinal splitting of the chromosomes. 
In A a six longitudinally split chromosomes, distinguished by the different 
shading, are shown arranged to form the nuclear plate. The two middle ones are 
seen from the end, the others from the side. In A b the separated halves of these 
chromosomes are shown on their way to the poles of the spindle in order to form 
the daughter-nuclei. In Fig. 225 B the reduction-division is diagrammatically 
represented. The six chromosomes of Fig. 225 A are shown in B a similarly 



Fig. 225.— Diagrammatic representation of ordinary nuclear division (A) and of the reduction- 
dnision ( H ). (After Strasbuugfr.) 


shaded and united in three gomini. The two lateral gemini aie seen from the 
side, the middle one from the end. In Bh the chromosomes of each geminus have 
separated and are moving towards the poles of the spindle to form the two daughter- 
nuclei. This division results in a reduction of the chromosome-number from six 
to three. In contrast to this reduction-division, which, because whole chromosomes 
separate, results in a definite difference of the products of division, may be placed 
the somatic nuclear division. This, since the longitudinal halving of the 
chromosomes gives rise to completely equivalent products of division, may be 
termed equation division. 

D. Alternation of Generations ( m ). — In plants there is frequently 
an alternation of at least two generations differing in their modes of 
reproduction ; these may be morphologically distinct and independent 
individuals. The life-history of such a plant is thus composed of 
two kinds of individuals, which regularly alternate with one another, 
are frequently very different in form and structure, and bear different 
reproductive organs. The reproduction of the one generation (sporo- 
phyte) is asexual ; that of the other (gametophyte) is sexual. The 
Fern may be taken as a typical example. The leafy fern-plant is 
the sporophyte, and produces only asexual spores. The spore on 
being shed does not grow into a new fern-plant, but into a small 
thalloid structure known as the prothallium (Fig. 93), which is 
the gametophyte, and reproduces sexually. The fertilised egg-cell 
develops into a leafy fern-plant. The reproductive cells of the one 
generation give rise to the other generation, and there is thus a 
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regular alternation of the sporophyte and gametophyte and therefore 
of asexual and sexual reproduction. 

Frequently the two generations are not represented by inde- 
pendent individuals, but the one remains permanently connected to 
the other like a parasite on its host plant. Careful investigation may 
then be required to establish the existence of an alternation of 
generations. This is the case for the Bryophyta and the Seed-plants. 

When there is an alternation of generations the alternation of 
phases of the nucleus (cf. p. 189) tends to be connected with it. Thus, 
for example, the leafy sporophyte of the Fern is diploid (diplophase), 
and the fern- pro thallus on the other hand haploid (haplophase). 
Nevertheless the alternation of nuclear phases is essentially distinct 
from the alternation of generations. Numerous lower organisms repro- 
ducing sexually, have an alternation of nuclear phases, although an 
alternation of generations is wanting. 

There are certain remarkable cases in which the one generation develops from 
the vegetative cells of the other without change in the number of chromosomes. 
In a variety of Athyrium filix foemina the fern-plant arises without nuclear fusion 
from vegetative prothallial cells with diploid nuclei ; without any production 
of spores, or the occurrence of a reduction- division, the diploid cells of the leaf- 
margin produce diploid prothallia (apospory). According to Yamanouchi (in 
Nephrodium molle ) a haploid prothallial cell may, without nuclear-fusion, give rise 
to a haploid fern-plant. Further, it is possible to obtain experimentally, on the 
regeneration of cut portions of the stalks of moss-capsules, a diploid moss-plant, 
i.e. a diploid gametophyte ; this produces diploid sexual cells that are capable of 
fertilisation. Tetraploid moss-capsules are the result, and from these again by 
regeneration tetraploid moss- plants have been obtained. It is evident, therefore, 
that there is not a direct connection between the chromosome number and the 
construction of the two generations ( 107, 108 ). 


SECTION IV 

THE THEORY OF DESCENT AND THE ORIGIN OF ADAPTATIONS 

A. The Theory of Descent ( 112 ). — How the organic forms living 
on the earth with their morphological peculiarities have arisen is one 
of the most important theoretical questions in morphology. The 
assumption once made that the kinds of plants were independently 
created (theory of special creation) has become gradually abandoned 
in favour of a theory of evolution, especially owing to the deepen- 
ing of morphological knowledge and the influence of the work of 
Darwin. This has already been referred to in the Introduction. 
The theory of evolution regards the existing organisms as developed 
from other and frequently more simply constructed forms which lived 
in earlier periods of the earth's history (cf. p. 1 ff.). This fundamental 
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biological theory now permeates morphological investigation so 
completely that it is indispensable for the morphologist to be 
acquainted with the evidence for it. Evidence is afforded by classifica- 
tion, morphology, the geographical distribution of plants and animals, 
and by palaeontology. 

1. Evidence from Classification. — According to the theory 
of special creation the various species of plants were created inde- 
pendently and are essentially constant. They were supposed to be 
so little subject to change that one species could not arise from 
another ; at most a species could give rise to more or less inheritable 
varieties. This view thus assumes that there are sharp limits between 
the species, and also that there is an essential difference between 
species and varieties. As the student of classification proceeds to 
examine any group of organic forms he finds that there are no 
characters to be relied on to distinguish varieties from species. The 
amount of morphological difference between the species of a genus, 
the varieties of a species, or between species and varieties, is quite 
undetermined. It has also come to be recognised that species are 
not independent morphological units but in many cases are compre- 
hensive groups of forms or petites espkes ( e.g . in the genera 
Erophila , Bub us, Rosa, Hieraciurn, Quercus). The sharp differentiation 
of such species from other species, i.e. other groups of forms, is 
frequently difficult or scarcely possible. The constant small species 
often differ less than do many so-called varieties. It thus becomes 
a matter of taste or “ systematic sense ” whether a particular form 
should be regarded as a species or a variety and how a species should 
be delimited. The rule formerly relied upon, that crosses between 
two independently created species would be sterile while those 
between two varieties of a species would be fertile, has proved 
untrustworthy ; fertile and sterile hybrids are known both between 
two varieties and two species. There are not only transitions 
between species but between genera and even families, so that in 
these cases also the limits have to be drawn at the discretion of the 
systematist. All these facts only become comprehensible if it is 
assumed that species were not independently created but are capable 
of heredity with variation, so that new species can bo derived from 
others by inherited changes, while more marked changes give rise to 
new genera or families. On any other assumption it remains incon- 
ceivable why organisms can be placed in groups of lower and higher 
order (species, genera, families, classes, etc.), which are in part co- 
ordinate (like the species of a genus or the genera of a family) and 
in part subordinated to others (like the species to the genus or the 
genera to the family) ; further, that the groups of extinct organisms 
which lived in earlier geological periods can as a rule be naturally 
placed in the same classification as the existing forms. All these 
difficulties disappear when organisms are regarded as blood-relations, 
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and the natural system as expressing their nearer or more distant 
relationship, and thus, in a certain degree, as a genealogical tree of 
living beings. 

2. Morphological Evidence. — Certain facts are inexplicable on 
the theory of special creation, while they are naturally explained on 
the theory of descent. The common morphological plan of construction 
exhibited by the members of a systematic group, such as a genus, a 
family, or a class, is of this nature. It extends in a sense to all 
organisms as shown in the cellular structure and the nature of proto- 
plasm. The great groups of the Bryophyta, Pteridophyta, and Gymno- 
sperms, with all their morphological differences, are essentially similar 
in the course of development and alternation of generations, and in 
the construction of their sexual organs. On the other hand, the 
theory of evolution may explain the unexpected occurrence of certain 
features in a group when the plan of construction would not have 
led us to anticipate them (e.g. the spermatozoids in the pollen-tube 
of the Cycadeae). 

The numerous homologies and analogies between the organs of 
plants (p. 155) all point to such a phylogenetic transformation 
as is required by the theory of descent. The organs of one and the 
same organism are frequently homologous, i.e . morphologically equiva- 
lent, in spite of their diverse structure and functions. For example, 
thorns and tendrils are “ transformed ” leaves, stipules, stems, or roots; 
the cotyledons, scale-leaves, bracts, sepals, petals, stamens, and carpels 
of a plant are all “ transformed ” foliage leaves. All these meta- 
morphoses of organs have evidently taken place during the phylo- 
genetic development. Organs of different species, that appear com- 
pletely different and perform different functions, may also prove on 
morphological investigation to be homologous. On the other hand 
they may, in spite of agreement in form and function, prove to be 
based on surprisingly distinct fundamental forms and thus be only 
analogous. 

In the same way reduced functionless organs found in some plants 
have been derived from plants in which the corresponding organs are 
still well formed. In the family of the Scrophulariaceae (Fig. 226) 
the number of stamens ranges from five in Verbascum to two in such 
forms as Calceolaria ; in the genus Scrophularia one stamen of the five 
is present in a reduced condition, while this stamen is wanting in 
Digitalis ; in Gratiola two fertile and two reduced stamens are present, 
in Veronica two fertile stamens only, and in Calceolaria only two half- 
stamens. Useless reduced organs are difficult to understand on the 
theory of special creation. 

Occasionally in a plant an unfamiliar character appears which can 
only be regarded as a reversion (atavism, cf. Fig. 550) to a long- 
lost feature of its ancestors; examples are afforded by the occa- 
sional fertility of reduced stamens or the appearance of reduced or 
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fertile stamens in positions where fertile stamens were present in the 
ancestry. 

The similarity of the embryos of very different organisms, which is 
most strikingly shown in the animal kingdom, is a further indication of 
genetic relationship. So also is the fact that occasionally the embryos 
are more highly organised than the mature organism (in some reduced 
organisms, e.g. many parasites). The juvenile leaves on the seedlings 
of some plants which are adapted to extreme conditions of life may 
resemble the ordinary leaves of less specialised species of the same 
genus {e.g. in Acacia , Fig. 136). Not infrequently a species repeats 
more or less completely in its ontogenetic development what we assume 
on other grounds to have been the 
course of its phylogenetic develop- 
ment (biogenetic law). 

3. Evidence from Geograph- 
ical Distribution. — Geographical 
limits which hinder free migration 
{e.g. high mountains and seas in 
the case of land-plants and masses 
of land in the case of marine 
organisms) stand in striking corre- 
spondence with differences in the 
fauna and flora of particular habitats, 
countries, continents, or oceans. 

The assemblages of organisms found 
in two continents differ as regards 
their families, genera, etc., in pro- 
portion to the degree of present and 
former isolation because the forms 
in each region have continued their 
phylogenetic development independ- 
ently. The easier the exchange 
of forms between two regions the 
more numerous will be those which 
are common to both. It is a general rule that the inhabitants 
of any region are most closely related to those of the nearest 
region from which migration may be assumed, on geological 
and geographical reasons, to have taken place. This holds, for 
example, for the Cape Yerde Islands and the African mainland, and 
for the Galapagos Islands or Juan Fernandez and the neighbouring 
regions of America. The more a habitat, such as an island, is isolated 
from the rest of the world the richer will it tend to be in peculiar 
forms (endemism). These often differ only slightly from other non- 
endemic forms from which they have evidently originated in the 
present habitat, though further dispersal has been impossible (pro- 
gressive endemism). Others are remains of what were at one time 


o o 



Fro. 226.— Floral diagrams of Scrophulari- 
aceae. A, Verbaseum nigrum \ B, Digitalis 
purpurea ; C, Gratiola officinalis ; 2), 

Veronica Chamaedrys. The sterile stamens 
are represented by black dots, and the 
position of completely aborted stamens by 
crosses. (D after Eichlkr.) 
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more widely distributed forms and have no special relationship to 
others in the region; such forms may be very ancient and indicate 
an extinct flora (relic endemism). 

4. Palaeontological Evidence. — Palaeontology shows that in 
the history of the earth species have become extinct and others 
appeared ; that not infrequently the forms in successive geological 
strata can be arranged in series showing progressive organisation ; 
and that the groups which are regarded as most highly organised 
appeared relatively late in the history of the earth (e.g. the Angio- 
sperms in the Cretaceous period). It has also made us acquainted 
with extinct intermediate types between genera, families, and classes. 
That such cases are not more frequent evidently depends on the 
incompleteness of the geological record. In Botany the most important 
of these synthetic groups is that of the Pteridospermeae or Cycadofilices, 
which are plants of the Carboniferous period connecting the Ferns 
and the Cycadeae ; they have leaves like the former but seeds like 
the latter, while anatomically they present resemblances to both. 

5. Direct Evidence of the variability of Species. — All the 
preceding sources of evidence gain in significance from the direct 
observation of the inconstancy of some species. Careful observation 
establishes the appearance, both under natural conditions and, more 
frequently, in cultivation, of inheritable deviations which would have 
the systematic rank of varieties or species. It has also been possible 
in various ways to experimentally produce new forms the characters 
of which are inherited. The importance of such observations is that 
they give some insight into the problem of the formation of species 
and the origin of new morphological characters (cf. pp. 325 ff.). All 
observations have so far shown that the inheritable changes in 
organisms may concern this or that character, may be larger or smaller, 
and are irregular in origin. This serves to elucidate the great variety 
in organic forms. These abrupt changes may be harmful, indifferent, or 
useful to the organism. If they are so injurious that the life of the 
organism is scarcely possible, the variety will disappear as quickly as it 
originates ( e.g . seedlings that have lost the power of forming chlorophyll). 
To what extent such inheritable changes arise under the influence 
of external conditions has yet to be determined in particular cases. 

B. The Origin of Adaptations. — Since the acceptance of a theory 
of evolution it has been evident that the origin of the adaptive 
CHARACTERS of organisms called for special explanation. The 
recognition that living beings vary in all directions does not afford 
insight into the striking fact that organisms are in many ways adapted 
to their environment, and organs more or less adapted to their functions, 
while the reactions of the organisms are beneficial. This condition of 
adaptation or inherited adaptedness must in some way have originated 
phylogenetically. As to how it arose, observations and experiments 
have so far given no direct answer. Explanations have been sought 
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in a different way, the two most important hypotheses being known 
as Lamarckism and Darwinism, 

1. Lamarckism ( m ). — This hypothesis starts from the fact that, 
some organisms assume a different form according to the surroundings 
in which their germ cells develop to the mature organism, without 
losing the power of developing differently in another environment. 
Thus there are plants which can live both on land and in the water 
(amphibious), assuming different forms according to the environment. 
When grown on land they have the form and internal structure of 
typical land-plants ; when cultivated in water they resemble typical 
aquatic plants. Some plants under dry conditions of cultivation 
produce xeromorphic characters, while when grown in moist air they 
are hygromorphic. This power of reacting to different environments 
by the development of different characters is known as the capacity of 
modification. Such modifications (cf. p. 324) are not inheritable 
in the sense that the seeds of, for example, an amphibious plant which 
has developed in water to a water-plant will produce the aquatic form 
if they are sown on land. On the contrary, the land-form is always 
produced on land and the aquatic form in water whether the seeds have 
been taken from the one form or the other. 

These influences of the environment have been regarded as direct 
adaptations on the part of the plant which has the power of thus 
modifying itself. The power has further been attributed to the 
organism of responding by a useful reaction to every external influence, 
even to those not met with under natural conditions. Such a power 
of adaptation would apply to new functions as well as to external 
factors ; the need of an organ would bring about its formation. How 
this would be possible is, however, far from clear. Further, it is 
difficult to conceive that the organism should react usefully in 
anticipation of particular external factors. As a matter of fact we 
not uncommonly meet with reactions to new unaccustomed stimuli 
which appear quite indifferent or even harmful. Thus the tentacles 
of Drosera become curved at a high temperature just as if they were 
in contact with an insect. Leaves cut off from a plant may continue 
to live for years by producing roots even when they are unable to 
form shoots. When there appears to be direct adaptation to various 
stimuli ( e.g . water, light, air, shade, etc.), to which particular 
organisms are exposed in their habitats, the result may be otherwise 
explained. It may be assumed that such organisms already possess 
the capacity or the factors which enable them to follow this or that 
course of development according to the external conditions. The 
external conditions would not produce the factors but only determine 
their becoming manifest or not. How these factors have historically 
come about, and why some organisms possess them and others not, 
why, for example, only some plants are adapted to live in water as 
aquatic plants or as land-plants on the land, remains still unexplained. 
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It is further assumed by Lamarckism that every modification, 
especially those resulting from external factors or the needs of the 
organism, is inheritable, or at least can become inheritable in the 
course of time. Thus when a plant has been for generations directly 
adapted to aquatic life, to life in the shade, or at the expense of 
another organism, the acquired peculiarities of structure gradually 
become fixed, i.e. they also appear when the occasion for them is no 
longer present. Nothing is, however, known of the inheritability 
of those effects of external conditions that have been termed modi- 
fications above. 

2. Darwinism ( 112, 114 ) starts from the fact that organisms with 
almost any properties, useful, indifferent, or injurious, can arise by 
inheritable variation. Nearly every living being produces during 
its individual existence so many germs that were all to grow the 
whole earth would in a short time be overpopulated. That so few 
descendants of an individual survive is due to many being destroyed 
at all stages from the germ-cell onwards. They are overcome in 
the struggle for existence with the environment, in which other 
organisms of the same or different species are included. Were all 
the offspring alike, accident only would decide which should survive, 
and such accidents do play a great part. Since, however, inheritable 
differences occur among the offspring, those individuals will as a rule 
be favoured in the struggle for existence which by their peculiarities 
are capable of maintaining themselves, or are more capable than the 
others in the particular situation to which chance has brought them. 
Thus a process of selection (natural selection) comes about. If, 
further, the selected variants hand on their properties to their 
descendants, and the variation and the struggle for existence is 
repeated, the process must lead to the selection of still better 
adapted forms. Since, however, all with injurious qualities sooner 
or later disappear, those that remain are better adapted than those 
that perish. Usefulness (adaptedness) which was not explained by 
Lamarckism (where the useful capacity of reaction in relation to 
new conditions of the environment was assumed) comes about according 
to Darwinism from the preservation of new inheritable properties which 
contribute to the success of the organism in the struggle for existence. 
It is in this that the great advance made by Darwin’s theory, as 
compared with Lamarckism, consists. The assumptions of Darwinism 
still leave various difficulties to be overcome, especially when the 
gradual origin of highly differentiated organs with many adaptive 
features has to be explained. 
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PHYSIOLOGY 

Tiie object of Physiology is to describe the phenomena of life, to 
study their dependence on external factors, and, so far as possible, to 
trace them back to their causes. Physiology, like Chemistry and 
Physics, is concerned with inquiries into the causes of what takes 
place. It must, however, also take into consideration the significance 
to the organism of what happens. In its methods as well as in its 
problems Physiology agrees with Physics and Chemistry ; its methods 
are EXPERIMENTAL. 

There is no fundamental distinction between the vital phenomena 
of animals and plants. This is not surprising, since plants and 
animals are only morphologically distinct in their more advanced 
representatives. In the physiological sphere it becomes more and more 
clear, as investigation proceeds, how similar the course of life in the 
two kingdoms is. The physiology of organisms is thus really a single 
subject. A text-book of botany has e\ idently only to give an account 
of the physiology of plants, but, where this is useful, analogous pheno- 
mena in the animal kingdom will be mentioned. 

In some respects the behaviour of the living plant does not differ 
from that of non-living bodies. In spite of the large amount of water 
which it contains, the plant is as a rule solid, and has the physical 
properties of such a body. Weight, rigidity, elasticity, conductivity 
for heat,, and electricity are properties of the organism as they are 
of lifeless bodies. However important these properties may be to the 
existence and the life of the plant, they do not constitute life itself. 

The ESSENTIAL PHENOMENA OF life are at first sight strikingly 
different from the processes met with in non-living bodies. So long 
as the organism is actively living, an unbroken chain of changes can 
be recognised in it which are exhibited in the three following ways : 

(i.) An organism does not consist of the same unchanged material, 
even when no further growth in size is taking place. While its 
external form remains constant, progressive changes go on internally. 
New substances are taken up from without, are transformed within 
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the plant, and are again given off from it. The organism has a 
METABOLISM. 

(ii.) As a rule, however, metabolism does not proceed so that the 
absorption and giving-off of material are equal, but more is absorbed 
than is given off. The mass of the organism is increased, it grows. 
The organism by changes of its form assumes quite definite shapes, 
which follow in regular order. It passes through a development 
which leads sooner or later to the production of new organisms or 
daughter-individuals ; REPRODUCTION takes place. Growth, develop- 
ment, and reproduction are processes highly characteristic of living 
beings. 

(iii.) Lastly, organisms exhibit powers of movement; they either 
change their positions bodily, or they bring larger or smaller parts of 
their bodies into other positions. Since inorganic bodies and dead 
organisms may exhibit movements, it is only the kind of movement 
and the means by which it is brought about that are characteristic 
of living beings. 

In nature the three processes mentioned above, metabolism, 
development, and movement, usually go on simultaneously. Meta- 
bolism without movement of the substances concerned is impossible ; 
development is bound up with metabolic changes and with movements ; 
and, lastly, movements cannot occur without metabolism and without 
change of form. Nevertheless, we may for descriptive purposes con- 
sider the three processes separately, and thus divide Physiology into 
the following sections : 

(1) The study of metabolism or chemical physiology, which may 

also be termed the physiology of nutrition. . 

(2) The study of development or the physiology of form and 

changes of shape. 

(3) The study of movement and changes of position. 

Before passing to the consideration of these three groups of vital 
manifestations, it is necessary to become acquainted with some 
important general results of physiological investigation. 

1. The manifestations of life are connected with the protoplasm. 
The structure and organisation of this determine what happens in the 
organism and give it the characters of a living being. For the 
appearance of vital manifestations it is important that the protoplasm 
should be in the proper condition. As soon as it is dead these cease. 
But living protoplasm itself can occur in two distinct states and be 
either actively living or in a condition of latent life. Protoplasm 
in the latent condition is met with, for example, in resting seeds. In 
these even the most delicate methods of measurement may fail to 
demonstrate any indications of life, but the protoplasm is not dead 
and can at any time pass into the condition of active life. For this it 
is only necessary to change the external conditions, for instance, to 
supply the seed with water. Whether the protoplasm is in the one 
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or the other state depends on the external conditions. Protoplasm can 
only carry on its activities by continual interaction with the environ- 
ment. It requires to obtain material for its nutrition from this, and 
also requires a supply of energy since the vital phenomena involve the 
performance of work in the sense of mechanics. 

In considering the external factors that are of importance for the life 
of a plant, a distinction must be drawn between the necessary and the 
inessential factors. Indispensable conditions of vital activity are a 
certain temperature and the presence of certain substances, as well as 
the absence of others that act injuriously or fatally (poisons). On the 
other hand, light is not in such a general sense a necessary condition 
for life. Some plants require direct sunlight, at least for their 
aerial organs, while others avoid this and seek the shade (shade- 



plants) ; others can pass through their wh61e life-history in complete 
darkness. 

Not merely the presence of the essential factors but their degree 
is of importance, for only within certain limits do the external factors 
permit of active life. The growth of a plant is one of its most 
striking vital manifestations. Taking this as an example, we may 
inquire how it is affected by various temperatures. A growing plant 
is placed for certain periods, say of two hours, under different 
temperatures and the growth which it makes in these periods recorded. 
To obtain a general survey the results are expressed graphically, the 
abscissae marking the different temperatures and the ordinates the 
amount of growth at each temperature (Fig. 227). The curve begins 
at a temperature that is usually in the neighbourhood of 0° C. ; this is 
the minimum. Below this temperature no growth is found to take 
place. On proceeding to successively higher temperatures the curve 
is found to rise but it does not do this indefinitely; at a certain 
temperature, the optimum, the greatest growth takes place. From 
this onwards the curve falls to the maximum beyond which again no 
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growth is found to take place. Such a curve is called an optimum 
curve and the three points,- minimum, optimum, and maximum, its 
CARDINAL POINTS. Outside this range two other points can be 
established. When the growing plant is placed at temperatures below 
the minimum or above the maximum, no growth is to be recognised, 
but the plant is not at once killed. Only after some two hours at a 
temperature above the maximum does death take place. Too high a 
temperature thus leads to death from heat and correspondingly too 
low a temperature to death from cold. These two points can be 
marked as death-points on the curve. 

The three cardinal points and the two death-points for the tempera- 
ture curve are by no means constants. They differ for particular 
organisms and particular vital phenomena. Further, they change 
with the duration of the influence of the factor, and they depend on 
the condition of the plant and on the other external factors to which 
it is exposed. 

Thus plants behave very differently as regards the two death-points. While, 
for example, some tropical plants are killed even at temperatures above 0°C., 
other plants can endure very low temperatures. Cochlearia fenestrata , which 
occurs in Northern Siberia, endures a temperature of -46° C. without injury, 
and some forest trees can stand even- 60° C. The resistance of lower organisms 
to extreme cold is noteworthy. It has been shown that Diatoms can endure for a 
long time a temperature of- 200° C. What holds for death from cold applies also 
to death from heat. While most plants are killed by temperatures far below the 
boiling-point of water some Cyanophyceae can endure the very high temperatures 
(up to 93° C.) of certain hot springs. 

Air-dry seeds and spores can withstand temperatures of 100° C. and more, 
though in the water-soaked condition they are killed by a temperature of 
50°-55°C. The succulent parts of some plants are killed by immersion for 
10 minutes in water at 45°-46°, while in air they are killed only by 10 minutes at 
51° C. The death-points for temperature may be different for young and old 
plants ( 2 ). 

What has been said above as regards temperature applies also to 
all other external conditions. It holds for both necessary and in- 
essential factors and even for factors acting within the plant, which 
will be considered later. The optimum curve and what has been said 
about it applies to all these cases, so that it can be regarded as a 
fundamental curve in physiology. Too much or too little is injurious 
with respect to all factors, though only a few examples can be given 
here. 

By increase of the intensity of light any cell can be killed; in different cases 
the action of the light may be either mainly chemical or mainly thermal. Many 
Bacteria are killed even by bright daylight; on this depends the important 
hygienic effect of light in houses and dwelling-rooms. 

The need of light not only changes from one species of plant to another, or 
from individual to individual, but the, optimum effect of light may change for the 
same individual as it develops. Many of the cultivated plants of the tropics, e.g. 
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Coffee and Cocoa, require shade when young, and need to be at first protected by 
shade-giving trees (species of Albizzia , Musa) planted for this purpose. When older 
they bear, or even require, exposure to the full tropical sun. 

The optimum curve holds also for food-materials and in a certain sense also 
for poisons. With too little of the former a starved condition results, while too 
much has a poisonous effect. This influence thus resembles that of poisons ; very 
low concentrations of the latter have already exceeded the maximum. 

The influence of water is especially important. In the case of most plants too 
little water soon results in wilting, which is followed by drying up. While the 
majority of plants are very sensitive to a deficiency of water others have a great 
power of enduring this. Thus, Lichens and Mosses, which live on rocks, on the 
bark of trees, and in similar situations, some Algerian species of Isoetes and 
Selaginella lepidophylla , a native of the dry high plateau of Central America, can be 
thoroughly air-dried without being killed. 

Death does not necessarily at once result when the maximum or minimum for 
external factors is overstepped. The organism frequently passes into the condition 
of latent life, mentioned above. It is often difficult to decide from inspection 
whether an organism is in this state or is already dead ; only experiment can 
decide in any particular case. 

Frequently also the latent condition on exceeding the maximum or minimum 
does not apply to all the vital manifestations of the protoplasm ; at first, only some 
of these may be suspended, while others that have a different maximum continue. 

The striking regularity in the behaviour of protoplasm which is 
expressed in the optimum curve evidently depends on its great lability 
to THE MOST various EXTERNAL FACTORS. This is specially charac- 
teristic of protoplasm. External influences act on the protoplasm in 
such a way that, as has been seen, it may be so irreparably altered as 
to be no longer functional ; it is destroyed by a kind of coagulation and 
is dead. It must be assumed that the latent protoplasm has been 
modified in some way whereby the manifestations of active life are 
arrested. The changes in the latent condition, in contrast to the 
irreversible changes of death, are reparable or reversible. 

In this connection it must be noted that the entry into latent life is not always 
the result of overstepping the maximal or minimal limits for external factors. It 
is often determined by inner causes, as is seen, for example, in the development of 
spores, seeds, tubers, etc. 

The optimum curve is so distinctive for the living substance, and thus 
for the whole organism, that it serves as the most important criterion 
to determine whether a process in an organism is vital or not. It is, in 
a certain sense, the graphic representation of the mathematical regularity 
according to which any particular factor acts causally upon a particu- 
lar vital process. It thus becomes an important question whether 
its particular form is peculiar to the organism and is not met with 
in the inorganic world. Investigation has shown that something 
of the same kind is met with in non-living nature, especially in 
colloidal substances, showing that in this respect there is no essential 
difference between living and non-living bodies. Thus the ascending 
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branch of the optimum curve, which was established above for different 
temperatures, is characteristic of almost all chemical reactions. Strictly 
speaking it is only the descending branch of the curve which is note- 
worthy. This is, however, readily explained by the great lability of the 
protoplasm, in which arresting influences, that have been accumulating 
before the optimum, preponderate at the maximum and beyond this. 
There are in non-living nature also numerous processes which are 
slowed off by a particular amount of a factor which affects them. 
While this characteristic method of reacting is not exclusively 
distinctive of living beings, no other substance is known which is so 
labile to all possible alterations in external factors as is protoplasm. 

2. The living substance works according to the laws .of Physics and 
Chemistry and employs in all the manifestations of its life the materials 
and the energies of non-living nature. Neither a peculiar “ vital- 
element,” nor a special “vital force,” peculiar to the organism and 
underlying the process of life, has so far been demonstrated. What 
happens, in so far as it concerns material, is only the transformation 
of non-living matter into the organic chemical compounds specially 
characteristic of the organism ; and, so far as energy is concerned, only 
the transformation of non-living potential and kinetic energy into the 
potential and kinetic energy peculiar to the living body. Whether, 
however, life is susceptible of a purely physico-chemical explanation as 
the mechanistic theory holds, or whether at least the way in which 
the changes in the living being proceed is not different from anything 
in non-living nature (vitalism) is a question that cannot at present be 
decided. Analytic methods of investigation have hitherto shown that 
the organism, at least in very many cases, employs the causal laws of 
Physics and Chemistry just as mechanistic theory would desire and 
expect. Whether, in spite of this, there will remain an inexplicable 
residuum cannot yet be said ; it seems at the moment doubtful 
whether it would be possible in the future to recognise such a residue, 
owing to the great complexity of the vital processes. 

III. When we look beyond the characteristic dependence of vital 
processes on the external world, as shown by the optimum curve, there 
remains much that is mysterious and completely unexplained in them. 
This is shown especially clearly by two remarkable characteristics of 
living beings, their irritability and their capacity for regula- 
tion. 

(a) Irritability. — In the reactions of the organism the con- 
nection between the causal influence and the effect induced by it 
is not so apparent as it is in chemical or physical processes. This 
depends on the part always taken by the protoplasm, so that the 
reaction observed is not the direct effect of an external cause, but a 
very indirect result. Further, according to the condition of the proto- 
plasm, the same factor may produce different effects. An example 
will make this clear. 
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If the free end of u flexible rod is placed horizontally, it will bend downwards 
to a definite point as the result of its weight. A part of a plant will behave 
similarly, and if dead, as for instance a withered stem, will remain in the position 
it thus assumes. If, however, a living growing stem has been used in the experi- 
ment it will exhibit an effect of gravity which is very surprising in comparison 
with the purely physical effect. The growing portion of the stem curves, and by 
its own activity becomes erect again ; it thus moves against the force of gravity. 
If the experiment is made with a tap-root, this will curve vertically downwards 
much further than its own weight would cause it to do. A rhizome ( e.g . of ticirpus), 
on the other hand, will place its growing tip horizontally when it has sunk by 
its own weight out of the horizontal plane. In these three experiments the 
physical conditions are the same. The weight of the earth acts on a horizontally- 
placed portion of a plant. The results in the three cases are as different as 
possible. 

The explanation of this remarkable behaviour of the plant is to 
be sought in the fact that, while to begin with the external influence 
has the same effect as it would have on an inorganic structure — in the 
particular example the force of gravity gives rise to compression — 
this primary physical change then liberates inner activities of the plant 
so that the external factor appears to have acted as a liberating force. 
Such relations become clearer if the organism is compared with a 
mechanism. The connection between the light pressure of the finger 
on the trigger of a gun and the flight of the bullet is not a simple 
one. The pressure first liberates a trigger ; the energy thus obtained 
drives the hammer on to the percussion-cap ; this explodes and causes 
the powder to explode ; the gases liberated by the explosion force the 
projectile from the barrel. It is clear that the force of the hammer 
bears no relation to that of the pressure of the finger of the marksman, 
and there is just as little connection between the amount of force 
generated by the expansion of the powder and that exerted by the 
hammer of the gun. There are energies present, those of the trigger 
and powder, which are set free. Such liberations of energy, especi- 
ally when they follow in order and constitute a chain of processes, are 
met with in all vital phenomena. They are, it is true, not so simple 
or comprehensible as in the case of mechanisms, since the whole process 
goes on in the protoplasm. Such liberations of the potential energy 
accumulated in the living substance and its transformation into kinetic 
energy are known as phenomena of irritability. The factor which 
starts them is termed a STIMULUS. 

Just as the action of a machine is only comprehensible when its 
construction is known, a knowledge of the external form and internal 
structure of the plant is a necessary preliminary to its physiological 
study. It has been seen, however, that it is not possible to under- 
stand the function from the structure to the same degree in the case 
of the plant as it is in that of a machine. In the organism we 
are concerned not with the mechanical interaction of parts but with a 
succession of chemical reactions. 
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(b) Capacity of Regulation. — study of fnachines not only 
assists in the comprehension of a liberating stimulus but further 
renders clear the second widely-spread property of organisms, ie . their 
regulative power. As in a machine the speed may be automatically 
maintained at a particular level, so in numerous processes in a plant 
there is an element which controls the result both as regards quality 
and quantity. Though self-regulated processes are not wanting in 
the inorganic world, they do not occur abundantly as they do in 
the organism. On this account the power of regulation may 

BE REGARDED, TOGETHER WITH THE IRRITABILITY, AS A SPECIALLY 
IMPORTANT CHARACTERISTIC OF LIVING BEINGS. 


SECTION I 

^METABOLISM ( 3 ) 

I. Tfie Chemical Composition of the Plant ( 4 ) 

Any consideration of the metabolic changes in the plant requires 
a knowledge of its chemical composition. This is studied by chemical 
methods. 

Water and Dry Substance. — Some insight into the composition of 
the plant can be obtained without special means of investigation. 
Everyone who has dried plants for a herbarium knows that the plant 
consists of water and dry substance. By means of weighing it is 
easy to show how large is the proportion of water in the total weight 
of the plant. For this purpose it is not sufficient to expose the plant 
to the air, for when air-dried it still retains a considerable proportion 
of water, which must be removed by drying in a desiccator or at a 
temperature of slightly over 100° C. It can thus be ascertained that 
the proportion of water is very considerable ; in woody parts some 50 
per cent, in juicy herbs 70-80 per cent, in succulent plants and fruits 
85-95 per cent, and in aquatic plants, especially Algae, 95-98 per cent 
of the weight of the plant consists of water. 

Ash. — While we can thus distinguish by drying between the water 
and the dry substance of the plant, we are able by burning to dis- 
tinguish between the combustible or organic material and the incom- 
bustible substance or ASH. The fact that the plant leaves an ash is 
evident in the burning of wood* or in the smoking of a cigar; the 
microscope further shows that even minute fragments of cell-wall or 
starch-grains leave an ash on burning. 

When the amount of ash contained in the various organs of diverse 
plants is determined, the percentage which this forms of the dry 
weight shows a wide range. This will be clear from the first column 
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of the following table. The separate organs of the same plant differ 
in this respect ; for example, the straw of Rye or of the Pea contains 
more ash than the seeds. Leaves tend to have a larger proportion of 
ash than stems. 

The constituents of the ash also vary according to the nature of 
the soil and other external influences. On the other hand, distinct 
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species may accumulate different quantities of mineral substances, even 
when exposed to the same external conditions. 

While the majority of the more common elements occurring in 
the earth are found in the ash of plants, only a few elements are 
present in sufficient amount to be quantitatively estimated. These 
are the non-metals Cl, S, P, Si, and the metals K, Na, Ca, Mg, 
and Fe. 

The above table gives some information as to the amount and 
distribution of these substances in a number of cultivated plants. 

The difference brought out by the table in the proportions of 
phosphoric acid and of silica and lime contained in Rye and Pea 
seeds, as compared with the amounts of the same substances in the 
straw, is worthy of notice. The Potato contains much K 2 0 and little 
CaO, while the wood of Spruce shows the opposite condition. 

In the preceding table the figures do not express absolutely constant proportions, 
as the percentage of the constituents of the ash of plants varies according to the 
character of the soil. It is perhaps well to make clear that the oxides as given in 
the table are mostly formed in the process of incineration. In the living cell the 
metallic elements are present as salts, especially of organic acids. 

Organic Substance. — The organic substance consists in the first 
place of the elements H, 0, N, and C. On complete combustion it is 
transformed into volatile compounds — carbon dioxide, water, ammonia, 
or free nitrogen. Some of the elements found in the ash were con- 
tained in organic compounds in the plant. Chemical analysis is not 
needed to show that the plant contains carbon in a combined form. 
Every burning log or match shows by its charring that it contains 
carbon. The examination of a piece of charcoal in which the finest 
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structure of the wood is retained, shows further how uniformly the 
carbon is distributed in the plant, and how largely the substance of the 
plant consists of this element. Accurate weighing has shown that 
carbon constitutes about one-half of the dry weight of the plant. 
Some of the compounds of carbon found in plants are non-nitrogenous 
(e.g. carbohydrates, fats, organic acids), while others contain nitrogen 
( e.g . albumen, alkaloids). The main facts regarding the organic 
compounds found in the plant have been given in the morphological 
part when treating of the cell (pp. 14, 26 ff). 

Source of the Materials. — There are thus only the following 
thirteen elements found in considerable quantity in the plant : 

H, Cl, 0, S, N, P, C, Si and Na, K, Mg, Ca, Fe. 

When the plant is growing their amount is continually increasing 
in the plant, and they must therefore be continually absorbed from 
without, from the soil, water, air, or from other organisms. 

As a rule, only gases and liquids can enter the plant ; solid 
substances have to be brought into solution before they can pass 
through the firm cell-walls. When, however, cell-walls are absent, as 
in the Flagellates and Myxomycetes, the naked protoplasm is able 
to surround and thus to absorb solid particles (animal nutrition). 

The chemical composition of animals is essentially similar to that of plants. 
The absorption of food in animals takes place by means of the digestive system. 
The contrast is, however, not so great as appears at first sight, for as a rule the 
food materials are converted into a fluid condition before they are absorbed by the 
cells. 


II. The Nutrient Substances obtained from the Soil 

Chemical analysis ascertains all the elements present in the plant. 
It does not, however, show whether these substances are utilised by 
the plant nor whether the substances always present in the ash are 
necessary for nutrition and are thus to be regarded as food-materials. 
Such questions can only be decided experimentally. The first 
problem is to determine which substances obtained from the soil by 
the plant are essential, i.e. necessary, constituents of its food. To 
decide this, careful cultural experiments with chemically controlled 
nutrient soil are requisite. 

This conclusion can be reached in two ways. The first method 
is to cultivate the plant in an artificial soil composed of insoluble 
substances such as platinum, pure carbon, pure quartz, with which the 
substances to be investigated can be mixed. The second method, 
that of WATER-CULTURE, is more convenient. Many plants are able 
to develop their root-system in water instead of in the earth. It is 
thus possible to add to the water the elements found in the ash in 
various combinations, and so to ascertain which elements are necessary 
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and which superfluous. As Fig. 228 , /, shows, the plant (Buckwheat) 
succeeds well in such a food-solution if of suitable composition ; it 
can form roots, shoots, flowers, and fruits, and increase its dry weight 
a hundredfold or a thousandfold, just as if it were growing in the 
soil. In distilled water, on the other 
hand, while the plant begins to grow 
normally, the growth soon ceases entirely, 
and only a very dwarfed plant is 
produced. 


Culture-solutions of various composition 
are used ( 5 ). Knop’s solution contains — water 
1000, calcium nitrate 1, magnesium sulphate 
0*25, acid potassium phosphate 0*25, potassium 
nitrate 0*25, and a trace of ferric chloride. 

The solution of v. d. Cronk, with almost 
completely insoluble compounds of phosphoric 
acid and iron, appears in some cases to give 
better results (water 1000, potassium nitrate 
1, potassium sulphate 0*5, calcium sulphate 
0*5, potassium phosphate 0*25, ferrous phos- 
pliato 0*25). In addition to these a number 
of other combinations of salts have been tested. 

From such water-cultures it results 
that the typical green land - plant 
succeeds satisfactorily if supplied with 
the elements K, Ca, Mg, Fe, and 
H, O, S, P, N, if in addition O and C 
(the latter as carbon-dioxide) are avail- 
able in the atmosphere. There are thus 
in all ten elements which must be 
regarded as indispensable food-materials. 

Of these the seven which remain after 
excluding H, O, and C concern us here, 
since the plant obtains them as nutrient 
salts from the soil or water. Six of 
these seven are found in the ash, 
while the nitrogen escapes on com- 
bustion in the form of volatile com- 
pounds. That these seven elements are 
completely indispensable is shown by 
the fact that if a single one is wanting its loss cannot be made good 
by an excess of the others, or by the presence of a related element. 


Fig. 

O 


■ -cultures of Ihu*k wheat 
' it (f /i turn). J, In nutrient 
solution containing potassium ; if, in 
nutrient solution without potassium. 
Hants reduced t-o same scale. (After 

NoHUK.) 


Thus, for example, potassium cannot, as a rule, be replaced by sodium, lithium, 
or rubidium. Lower organisms (Algae, Bacteria, Fungi) are able to do without Ca. 
The absence of a single necessary element, is shown either by the feeble and dwarfed 
development of the plant ^Fig. //, absence of potassium) or by characteristic 
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changes in the plant. The best known of these is the effect of absence of iron, 
in which case the plant does not become green (chlorosis). Injurious effects of 
poisoning are shown when calcium is lacking. 

More accurate consideration shows that it is not correct to speak of 
these definite elements as the food-materials of the plant. Just as a 
mixture of the elements H and 0 is not a substitute for water, it is 
not sufficient to supply the plant with tho elements contained in the 
nutrient salts either as elements or in any of their combinations. 
Thus metallic potassium or pure sulphur are of no use. The plant 
requires particular salts or, since these in part dissociate in water, 
particular ions. Necessary kations are K + , Ca ++ , Mg ++ , Fe ++ (or 
Fe 4 " f + ), while S0 4 “ ", H 2 P0 4 ", and N0 3 ~ are necessary anions. While 
phosphorus and sulphur can only be utilised in these combinations, 
the nitrogen can also be obtained, although not always so usefully in 
the form of the kation NH 4 + . 

Numerous investigations in recent years have made clear the 
further important point that a certain degree of acidity of the food- 
solution or the soil is necessary for the normal development of a plant. 

The acidity depends on the proportional number of H- or OH- ions present in 
the liquid. If these are present in equal numbers the liquid is neutral ; if the 
H ions preponderate the reaction is acid, and if the OH ions are in the majority it 
is alkaline. It is customary to record the acidity by means of the number of H ions 
present in unit volume, and, for certain reasons, to denote it by the negative 
logarithm of this number ; this is termed the pH value of the solution. For a 
neutral solution pH = 7 ; for acid solutions its value lies between 1 and 7, and 
for alkaline between 7 and 14 ( 6 and 7 ). 

If various plants are cultivated in soils or culture-solutions with 
different reactions it becomes evident that some plants succeed better 
when the solution has an acid reaction, while others do better in 
solutions that are neutral or weakly alkaline. This is shown by the 
following table, which is based on determinations by a special method 
of the fresh weight of plants all grown in the same normal food-solu- 
tion. This has been given different j?H values. 


Reaction of Food Solution. 

3*5 

4-5 

6*5 

6*5 

7*5 

8-0 

Aira flexuosa . 

4 

45 

3-0 

1*7 

dead 

dead 

Senecio sylvaticus . 

21*0 

25 0 

15*0 

5*0 

1-0 

dead 

Tussilago farfara 

dead 

7-0 

30*0 

350 

2-1 

ro 

Hordeum distichum . 

3*0 

45*0 

86*0 

88 *0 

io-o 

4-0 

Elodea canadensis 

dead 

dead 

2*6 1 

3*3 

4*4 

6*5 


A special case of this adaptedness to a particular reaction of the soil is afforded 
by calciphilous and calciphobous plants. The calciphobe plants require calcium for 
their normal nutrition just as do the calciphilous ones ; what the calciphobous 
plants cannot endure in habitats rich in lime is the alkaline reaction of the soil ( 8 ). 
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Just as is the case for C, N, H, and 0, some other elements of 
nutrient salts enter into the chemical composition of important 
materials in the plant, e.g. S. and P in albuminous compounds and 
Mg in chlorophyll. It is possible that other metallic elements enter 
into necessary organic compounds. What is certain is that they also 
play a quite different, physico-chemical rdle. The salts maintain 
THE COLLOIDAL PROTOPLASM IN ITS NORMAL CONDITION AND ENTER 
IN A REGULATING FASHION INTO ALL PHYSIOLOGICAL PROCESSES. 

The method of water-culture has not only shown the necessity for 
certain salts, but also that many substances, especially sodium, chlorine, 
and silicon, which the plant usually absorbs and sometimes accumulates, 
are not essential. 

Even in halophytes, in which it is present in greatest quantity, sodium is not 
indispensable. These plants live in soils rich in sodium chloride not because this 
substance is necessary to them but because they bear it better than other plants 
do. The concurrence of these in such localities is thus prevented. The character- 
istic succulent construction of halophytes (Fig. 188) is more or less completely lost 
in the absence of common salt. Sodium appears, however, to be indispensable to 
the Diatoms and some Seaweeds ( 8 ). 

Silicon is not indispensable to Equisetum and Grasses which contain consider- 
able quantities of Si0 2 ; on the other hand, it is requisite to the Diatoms, the cell* 
walls of which are almost entirely composed of silicic acid, and owe their permanence 
to this. The cell-walls of Diatoms form considerable geological deposits of siliceous 
earth or kieselguhr. Aluminium ( 9 ), while generally distributed in small quantities, 
is only absorbed in considerable amount by a few plants {e.g. species of Lycopodium ). 
According to Stoklasa it is indispensable to water-plants. Although scarcely a 
trace of iodine can be detected by an analysis of sea-water, it is found, never- 
theless, in large quantities in seaweeds, so much so that at one time they formed 
the principal source of our supplies of this substance. Whether it is essential to 
these plants is not known. 

The substances which, as culture experiments show, are not indispensable for 
the life of the plant may, however, be of use and of advantage in growth. For 
example, Buckwheat and other plants flourish better when supplied with a 
chloride, and the presence of silica is advantageous as contributing to the rigidity 
of the tissues. It has also been found that the presence of certain substances 
which are not of direct use may inhibit the poisonous action of other substances 
some of which are necessary. 

It is known that salts are necessary for animals as well as for plants, but the 
particulars are not clearly ascertained. Probably they require the same elements 
as plants do with the addition of Na and Cl. 

Nutrient Salts and Agriculture. — Since the plant thus continues 
to absorb nutrient salts from the soil, this must become poorer in the 
particular substances unless the loss is repaired in some way. In 
nature this results from the fallen and dead parts of plants returning 
to the soil, and the salts contained in them becoming available for 
further life. In agricultural practice, however, a large proportion of 
the vegetation is removed in the crop, and the salts it contains are 
thus lost to the ground ; at the most a fraction may be returned to 
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the soil in the dung of grazing animals. The effect of manure in 
increasing growth, which has for ages been known to practical men, 
depends, at least in part, on the salts contained in it. Since, however, 
the amount of salts thus returned to the soil is insufficient to meet the 
loss, artificial manuring is required in agricultural practice ( 10 ). The 
first place among manures must be given to those which contain 
nitrogen, potassium, and phosphoric acid. Nitrogenous substances 
which are used, besides guano (which also contains phosphoric acid), 
are Chili saltpetre, ammonium sulphate, calcium eyanamide, and 
calcium nitrate ; the two last have recently been artificially prepared 
from atmospheric nitrogen. Potassium is present in the Stassfurt 
waste salts, of which kainite is the most important since it also 
contains MgS0 4 . As an important source of phosphorus, the so-called 
Thomas slag may be mentioned ; this substance is formed in working 
ores containing phosphorus, and consists of triple phosphate of calcium. 
It can only be utilised by plants when in a state of very fine sub- 
division, as what is known as “ Thomas-meal.” Superphosphate is 
obtained by the treatment of calcium phosphate with sulphuric acid. 

The Soil and Plant Geography. — From what has been said it 
might be concluded that a soil capable of supporting one kind of plant 
must be able to support any other species. Plant geography ( u ), 
however, shows that the composition of the soil exerts a great influence 
on the distribution of plants. This depends, on the one hand, on the 
fact that different plants make different demands on the amount and 
solubility of the essential food-materials, and on the degree of acidity 
of the soil ; on the other hand upon the presence in the soil of sub- 
stances other than the indispensable salts. The influence of these non- 
essential substances is different upon different species of plants. For 
example, CaCo 3 has a poisonous effect on some plants, and NaCl upon 
others, while other plants can endure large doses of these substances. 

The effect of the soil upon the distribution of plants does not depend merely 
upon its chemical nature. The physical properties of soils (see p. 223) play an 
important role. Further, a plant may be absent from a locality, which, so far as 
the nature of the soil is concerned, would be suitable, because its seeds have never 
been brought to the spot. 


III. The Absorption and the Movement of the Nutrient 
Salts in the Green Plant 

All the chemical changes which take place in the metabolism of 
the plant are carried out in watery solutions. For this reason 
water is an INDISPENSABLE constituent of the plant. All actively 
living portions of the plant are permeated with water. The cell- 
walls contain imbibed water, in the cell-lumen are the large vacuoles 
filled with watery sap and the protoplasm, the basis of life, always 
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contains 75 per cent or upwards of water. The plant can only carry 
on its life fully when in this condition of saturation with water. 
Any considerable diminution in the amount of water either destroys 
the life permanently, or at least so greatly diminishes the manifesta- 
tions of life that they can no longer be observed. 

. It is evident that when a plant grows it must absorb water. But 
the amount of water utilised in growth is slight compared with the 
amount given off to the atmosphere from the aerial parts of the plant, 
especially the leaves. The loss of water in transpiration must be 
made good by absorption from the soil by the roots and conduction of 
the water to the leaves. The importance of this stream of water 
continually passing through the plant lies in the fact that the necessary 
nutrient salts are dissolved in it and are thus carried to all the places 
where they are needed. 

The problem may be divided into three parts ( 12 ) : (1) the 
absorption of the water and the nutrient salts dissolved in it ; (2) the 
giving off of water in transpiration ; (3) the conduction of the water. 

1. The Absorption of Water and Nutrient Salts 

^ (a) The Absorption of Water. — If, for the sake of simplicity, the 
absorption of pure water by the plant is first considered, an accurate 
analysis of the process shows that two physico-chemical phenomena 
are involved, viz., osmosis and imbibition. 

Without a knowledge of the laws governing these phenomena the 
whole problem would be incomprehensible and they will therefore be 
first considered. 

^ Osmosis ( 13 ). — If two solutions of unequal concentration, or a 
solution of some substance and the solvent, are separated by a partition 
which is permeable to both, a process of diffusion will commence. 
Such diffusion taking place through a partition or membrane is termed 
OSMOSIS. If a U-tube divided by such a permeable membrane (Fig. 
229, 1) is filled on the one side with pure water and on the other with 
a solution of copper sulphate, the molecules of CuSo 4 will pass through 
the membrane and mix with the pure water ; molecules of water will 
also pass through the membrane into the solution of CuSo 4 . 
Ultimately equilibrium will be established between the two arms of 
the tube when equal quantities of water and of CuSo 4 are present on 
the two sides of the partition. If the partition is more easily 
penetrated by one of the two substances, this will pass more rapidly 
than the other, but in this case also an equal concentration of the 
solution on the two sides will in time result. The case is different, 
however, when the partition is semi-permeable, i.e. if it is only perme- 
able for the molecules of water, while the molecules of CuSo 4 are un- 
able to pass through it. The result will be a greater accumulation of 
water on the side of the partition where the CuSo 4 is (Fig. 229, 2). 




216 


BOTANY 


PART I 


The determining factor for the movement of the substance is thus 
the nature of the membrane. 

Such serai-permeable membranes play an important part in the 
absorption of water by the plant. In studying the phenomena and 
laws of osmosis consideration of the natural vegetable-cell may be 
deferred, and an artificial cell with a semi-permeable membrane and 
containing an osmotically active substance be considered in the first 
instance. Semi-permeable membranes are obtained if a solution of 
copper sulphate comes in contact with a solution of potassium 
ferrocyanide, or a solution of gelatine with one of tannic acid. In 
order to give the membrane the requisite support it is deposited on 
a porous wall of baked clay. The clay-cells employed in galvanic 
elements coated on the inside with copper ferrocyanide are satisfactory 
for the purpose. The cell is filled with a solution of cane-sugar or of 

common salt and fitted with 
a mercurial manometer as 
shown in Fig. 230. 

If such an osmometer, as 
this artificial cell is called, is 
immersed in a solution of the 
same concentration ( i.e ., which 
has the same number of mole- 
cules to the litre, the same 
molecular number) nothing 
will happen. The system is 
in equilibrium. 

It is otherwise if the cell is placed in water or in a solution of 
less concentration. What then occurs is illustrated by Fig. 230, 2, 3, 4, 
which show the beginning, the end, and an intermediate stage in the 
process. The concentration of the water within the cell is evidently 
less than that in the surrounding liquid, since in the concentrated 
solution of copper sulphate a large proportion of the molecules 
of water is replaced by molecules of CuSo 4 . As a result the 
water, in correspondence with its higher concentration, will endea- 
vour to pass into the osmometer. This may also be expressed by 
saying that the cell has a capacity of attraction for water, it exerts 
a suction-force. This is large to begin with but will become smaller 
and smaller ; since, as the water enters, the concentration of water- 
molecules in the cell becomes greater, and that of the CuSo 4 -molecules 
less, i.e. the solution becomes more dilute. But there is another 
reason for the suction-force diminishing. The entering water increases 
the volume of liquid in the osmometer and raises the level of the 
mercury in the manometer. This exerts a hydrostatic pressure on the 
inner wall of the cell which is naturally opposed to the suction-force. 
This pressure may be termed “wall-pressure ” or “osmotic pressure,” 
and its amount can be determined by the rise of mercury in the 


HoO 



CuS0 4 


Fio. 229.— 1. Permeable membrane. 2. Semi- 
permeable membrane. 
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manometer. At the beginning of the experiment this pressure on the 
wall is evidently zero, it rises with the entrance of the water till at 
the final stage it has attained its maximum. At this stage the 
pressure is so great that no further entrance of water is possible. 
The osmotic pressure thus always acts against the suction- 
force. The greater the former becomes the less is the latter. It 
follows from what has been said above, that for every solution of a 
definite concentration the suction-force for water can be determined if, 
on placing the osmometer in water, the manometer is filled with the 
amount of mercury required to just prevent any water from entering 
the cell. Investigation shows that the suction-force is then equal to 
the osmotic pressure which the enclosed solution can develop. Every 
solution of a definite concentration has thus a value for the maximum 
suction-force it can exert. This value is called the “ suction-force value 
of the cell-contents ” or more shortly the “osmotic value ” of the fluid. 

It is necessary to distinguish between the maximum osmotic value (suction- 
force value) of the cell-contents and the actual osmotic value of the cell. The 




Cone. =0 5 Mol Cone. -05 Mol. Cone. =0 42 Mol. Cone. =0-45 Mol. 

Osmot. Pr. =0 0 Atm. Osinot. Pr. =00 Atra. Osmot. Pr. =11 7 Atm. Osmot. Pr. =59 Atm. 
Suction-force =0 0 Atm. Suction- force = 14 3 Atm. Sucti<>n-force=0 0 Atm. Suction -force = 6- 8 Atm. 

Fia. 230.— Osmotic conditions in an experiment with the osmometer. (After Urspruno.) 


former is, according to our deductions, the maximal suction-force that the particular 
cell-contents is capable of. The actual suction-force of a cell may be much less 
than this. In order to obtain it the wall-pressure must be subtracted from the 
osmotic value (suction-force value) of the cell-contents, according to the equation. 
Suction-force of cell = suction-force of cell-contents - wall-pressure.* 

Since the concentration of a cell when it is submerged in water always becomes 
less owing to the absorption of water, the suction-force value of the cell-contents 
will always fall (Fig. 230, 2-4). From what has been said it is further evident 
that the volume of the cell-contents must alter ; it is least at the beginning of the 
experiment when the cell is placed in water and becomes greater the more of this 

[Notk. The significance attached to these terms is different in English works on 
physiology. In them “ osmotic pressure” is usually equivalent to what is here termed 
“suction-force of cell-contents” and is thus distinct from the “wall-pressure.” Cf. 
Stiles, Permeability , pp. 98, 99.] 
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is absorbed. In order to make the study of these complicated relations clear, 
a definite example (0*5 mol.) was taken in the experiment shown in Fig. 230; 
from this the variations of the values under consideration here can be ascertained. 
The connections which subsist between them are graphically represented in 
Fig. 231. 

In the experiment so far considered we have started with a definite concentration 
(0‘5 mol.). When the osmometer is filled with solutions of different concentrations 
it is found that, within certain limits, the maximal possible osmotic pressure is 
proportional to the concentration of the solution. Thus Pfeffer found the 
following maximal values for various percentage solutions of sugar in the osmometer. 


Sugar (percentage by weight). Pressure (in cms.) 


1 

2 

4 

6 


53-8 

101-6 

208-2 

307-6 


Wax. osmotic pressure 
(in atmospheres). 

0- 71 

1- 34 

2- 74 
4.04 


If other organic substances, that do not undergo dissociation, are compared with 
cane-sugar it is found that generally the osmotic effect is proportional to the number 
of molecules in the solution : kquimolkcular solutions auk isotonic (isosmotic). 

On this account it is more 
convenient to use molecular 
normal solutions instead of 
percentage solutions. In solu- 
tions of compounds that under- 
go dissociation, e.g. salts, the 
separate ions act osmotically 
along with the undissociated 
molecules. A solution of 0-1 
mol. KN0 3 has therefore a 
much greater osmotic action 
than 01 mol. cane-sugar. The 
number which expresses by 
how much the osmotic value 
of a solution is greater than an 
equimolecular solution of sugar 
Fig. 231.— Graphic representation of the osmotic conditions is termed the isoroNic COEFFI- 
in the experiment shown in Fig. 230. St - Suction-force CIENT of the solution, 
value of the cell. 

The experiments made 

with the clay-cell can be applied to the vegetable- cell. In 
the plant-cell represented in Fig. 233 the cell-wall corresponds 
to the clay-cell itself, and the protoplasmic layer to the 
precipitation membrane of copper ferrocyanide. The protoplasm, so 
long as it is alive, is almost semi-permeable ( 14 ), while the cell-wall 
(like the clay-cell) is permeable. The cell-sap enclosed within the 
protoplasmic utricle corresponds to the solution filling the artificial 
cell. When a plant-cell is placed in water, it, like the clay-cell, will 
take up water ; its volume increases ; an osmotic pressure (wall-pressure) 
arises which presses the protoplasmic layer against the cell-wall and 
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distends the latter. As in the artificial cell the increasing pressure of 
the column of mercury renders the absorption of water more and more 
difficult, so in the living cell a corresponding counter-pressure is 
produced by the distension of the elastic cell- wall ; ultimately, when 
this has become equal to the osmotic force of the cell-contents, 
any further entrance of water is rendered impossible. The cell is now 
saturated with water. 

The distension of the cell-wall is often considerable and depends 
on the amount of the internal pressure and the 
elastic properties of the cell-wall. In many cases 
the cell-wall is stretched by the pressure some 
10 to 20 per cent, in extreme cases even 50 per 
cent, and it contracts when the pressure ceases. 

When the cell is pricked or the protoplasm killed, 
the pressure is removed and the wall contracts 
(Fig. 232). By the distension the cell-wall 
becomes more rigid, just as a thin india-rubber 
balloon when air is forced into it resists changes 
of shape. A cell the wall of which is stretched 
by the internal pressure is termed turgescent ; 
the internal pressure is spoken of as TURGOR ( 15 ). 

The increase of rigidity of the plant, by 
reason of the turgor -pressure or turgescence, 
is very important; it is the simplest, and in 
many cases the only way, in which the cell 
becomes rigid. This is dependent naturally upon 
the presence of a sufficient supply of water ; if a 
distended cell is taken from the water and 
allowed to give up water in the air, the stretching 
of the wall disappears, and with this the rigidity; 
the cell wilts. With a fresh supply of water the 
turgescent condition can be restored. 

Since a manometer cannot be fixed to the 
vegetable cell, the direct measurement of its 
osmotic pressure is impossible. This can, how- 
ever, be done indirectly by the study of the 
phenomena of plasmolysis. If a turgescent cell 
is placed in a solution of cane-sugar which has 
a higher osmotic value than the cell-sap (and 
hypertonic) the first change is a shortening of the cell, which goes on 
until the stretching of the wall has been completely lost. After this 
follows a withdrawal of the protoplasmic layer from the cell-wall, since 
the latter can itself contract no further ; the protoplasmic layer continues 
to follow the vacuole as it diminishes in volume. The separation of the 
protoplasm from the cell-wall (plasmolysis) commences at the angles and 
leads ultimately to a rounding-off of the completely separated utricle, 



Fio. 232. — Internodal cell of 
Nitella. F, Fresh ami tur- 
gescent; p, with turgor 
reduced, flaccid, shorter 
and narrower, the proto- 
plasm separated from the 
cell - walls m folds ; ss, 
lateral segments. ( x circa 
6. After Noll.) 

is therefore termed 
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(Fig. 233). It is immaterial what substance is used to bring about 
plasm oly sis so long as it does not injure the protoplasm, and that the 
latter is impermeable to it. In many ways cane-sugar is the most 
suitable ; potassium nitrate, which was formerly extensively employed 
in such experiments, belongs to a class of substances to which the 
protoplasm is more or less permeable. 

When by systematic trials the concentration of the plasmolysing 
solution has been ascertained which just effects the first separation of 
the protoplasm at the angles of the cell, it is possible to say that this 
plasmolytic limiting concentration has the same osmotic value a& the 
cell-sap of the cell which has just lost its turgescence. If, for example, 
it has been found that the limiting concentration is 0*2 mol. cane-sugar, 
the cell-sap is isosmotic (isotonic) with 0*2 mol. cane-sugar ; the sugar- 
value of the cell-sap amounts to 0*2 mol. Since the osmotic value of 






Fig. 283. — A young cell from the cortical parenchyma of the flower-stalk of Cephalaria leucantha 
(Compositae). m, Cell-wall ; pi, protoplasm ; v, vacuole. 7, In water ; 11, in 4 per cent potassium 
mtrate solution ; III, in 6 per cent solution ; IV, in 10 per cent solution. (After De Vries.) 


various concentrations of cane-sugar has been determined by the 
osmometer and by other physical methods ( 15rt ) it is known how great 
the osmotic pressure of the plant-cell is when it is placed in water. 
If the cell-wall is much thickened, and therefore almost inextensible, 
the cell-sap cannot be diluted by entering water ; such a cell, when 
saturated with water, can attain the maximal value physically possible. 
When the wall is extensible, a dilution of the sap always occurs with 
the increase of volume, just as in the case of the artificial cell. If we 
assume that a plasmolysed cell can increase its volume at saturation 
twofold, the concentration of the sap, and therefore its maximal osmotic 
pressure, will fall to one-half of what would have been the value had 
no increase of volume been possible. Only by carefully taking account 
of the alterations in volume of the cell during plasmolysis, can conclu- 
sions be safely drawn as to the actual osmotic pressure in a cell from 
its sugar value. In most cases the osmotic value is determined with 
KN0 3 instead of sugar. For ordinary cells the potassium nitrate 
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value is 0*15 to 0*30 mol.; it can, however, rise to 3 or more mol. 
Further, it tends to differ in adjacent cells by 01-0*2 mol., and to 
show periodic alterations owing to external conditions ( 16 ). 

The separation of the protoplast from the cell- wall does not take place so 
smoothly as shown in Fig. 233. The protoplasm tends to remain connected to the 
wall by fine strands which rupture later. 

On transference to pure water the turgescent condition will be regained, if 
the protoplasm has not been injured by the solution. If the protoplasm is killed, 
however, it has become completely permeable, and the necessary condition for a 
one-sided pressure has disappeared. Fresh living slices of the Beetroot when 
placed in pure water do not allow the colouring matter to escape from the un- 
injured cells. If the protoplasm is killed, the pigment passes into the surrounding 
water. 

The potassium nitrate value is specifically different for different cells. High 
osmotic pressures are found, e.g. , in nodes of grasses (0*5-1 *0 mol. ), and certain desert- 
plants (3*0 mol.). The highest pressures are met with in plants which, like those of 
the sea and seashore, live in solutions of common salt, or, like some fungi, succeed in 
concentrated sugar solutions. In these cases the osmotic pressure of the cell 
always exceeds that of the surrounding solution ; it is adapted and capable of 
regulation in relation to the medium, and is therefore not always the same ( ,7 ). 
It is easy to understand why cells with such high osmotic pressures burst when 
transferred to less concentrated solutions or to pure water. 

There are wide differences also in the potassium nitrate value between the 
different organs of a plant. Thus it was found by Blum for Fagus that the 
epidermis of the lower side of the leaf had a potassium nitrate value of 0 365 ; the 
spongy parenchyma of 0*571 ; the palisade parenchyma of 1*017 ; the tissue of 
the outer cortex of the stem of 0*671 ; the cambium of 0 634 ; and the medullary-ray 
cells of the wood of 0*938 mol. 

Imbibition ( 18 ). — There is another method by which many vege- 
table cells take up water. When, for instance, a dry seed is placed in 
water, its total volume and weight increase as a result of the swelling 
of its cell-walls and cell-contents. This increase in volume which such 
a body undergoes, owing to the introduction of water into it, is termed 
imbibition. The water penetrates into the smallest portions of the 
material, e.g. the cell-wall. If after imbibition this is again allowed to 
dry, no air-filled cavities are found where the water was ; the material 
has contracted. There are differences in the behaviour of different 
bodies capable of imbibition. Some, in which the swelling is limited, 
for example a piece of glue in cold water, can oidy take up a definite, 
limited amount of water ; others in which the swelling is unlimited, for 
instance gum arabic, continue to absorb water till they pass into colloidal 
solution. The cell-wall belongs to the former class ; it soon reaches its 
maximum swelling due to imbibition when it is placed in water. In 
this process the absorption of water is at first very active, it slows 
down more and more as the penetration of the water continues. The 
amount of water taken up differs for different materials. Thus the 
walls of lignified cells absorb | of their weight, while the walls of 
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some Algae and of some seed-coats and pericarps absorb several times 
their weight of water. In contrast to the cell-walls the protoplasm 
may be placed in the second class of substances. The air-dry proto- 
plasm of many seeds and spores imbibes water and swells, just as does 
the cell-wall. Like gum arabic, however, it loses the characters of a 
solid body and passes into a colloidal solution. This is the condition 
of the protoplasm, as a rule, in the actively living cell, though certain 
portions may have a firmer consistence. Colloidal solutions have, 
indeed, always the tendency to pass from the fluid (sol) condition to 
the gel condition. 


The laws underlying the process of imbibition are in many ways similar to those 
which have been recognised above for osmosis. Thus we can speak of an imbibition- 
pressure and of the suction-force of a swollen body. By imbibition -pressure is 
understood the mechanical pressure that would have to be applied to a swelling 
body to just prevent further imbibition and increase of volume. In the early 
stages of swelling this pressure is at its greatest, but diminishes considerably as 


imbibition proceeds. In correspondence with this, the suction-force of a body at 
the beginning of the swelling process is extraordinarily high ; much higher than 



the osmotic pressure exerted by a concen- 
trated solution. It diminishes, with the 
absorption of water and associated increase 
of volume, to values similar to those 
met with in osmosis. In the living cell 
such bodies as the protoplasm and cell- 
wall are found in such a state that the 


Fio. 234. — Tip of a root-liair with adhering forces due to imbibition are in equilibrium 
particles of soil, (x circa 240. After Noll.) with those produced by the osmotically 


active substances. The pressure exerted 
on the cell-wall by the two suction-forces acting together is the turgor-pressure. 
A change in one of the two suction-forces always leads to a corresponding change 
in the other ( 19 ). 


The Absorption of Water by Multicellular Plants. — In many 
lower plants all the living cells take part in the absorption of water. 
In more complex plants only the superficial cells are in contact with 
the supply of water in the environment, and absorption of water is 
limited to them. In higher plants the absorption of water is limited 
to the epidermal cells of the roots. The sub-aerial parts of the plant, 
covered with a more or less strongly-developed cuticle, cannot, under 
natural conditions, absorb sufficient water for the needs of the plant. 
The root, on the other hand, is highly specialised for this purpose, 
both as regards its external form and the structure of its limiting 
layer. Since the water in ordinary soils is finely subdivided and held 
firmly by the particles of the soil, a large surface must 1m* exposed 
by the absorbing root. This is attained by the extensiw* branching 
of the root-system and by the presence of root-hairs which become 
attached to the finest particles of the soil (Fig. 2 3-1). 

The plant is connected to the soil by the numerous lateral roots 
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and their root-hairs, and can thus obtain the water held by capillarity 
in the soil, as soon as by loss of water a power of suction has arisen 
in the root-hairs. A plant can extract water even from a soil which 
appears dry. As absorption from such a soil continues the plant 
begins to wilt, but even in this state absorption is still taking place, 
though it does not go so far as to obtain the last traces of water from 
the soil. The osmotic forces are greater than the forces of capillarity 
and adhesion by which the particles of soil hold water. The process 
continues further in desert-plants according to Fitting, since their cell- 
sap is highly concentrated and can develop a very strong osmotic 
suction ( 20 ). 


Briggs and Shantz have determined the water-content of the soil at the 
moment of wilting. This they term the coefficient of wilting and express it 
as a percentage of the dry weight of the soil. They find that it has nearly the 
same value in different plants, but differs widely in different soils. Thus the 
coefficient of wilting in coarse sand is 0*9, in fine sand 2 *6 to 3*6, in sandy loam 9 9, 
and in clayey loam up to 16 '5. 

The Influence of the Nature of the Soil on the Water Absorption of the Plant ( 21 ). 
In most cases the soil obtains its water from atmospheric precipitation. Part 
of the rain-water percolates into the subsoil and the rest is retained by the soil. 
In the latter case the water is absorbed by the particles of soil and also held by 
capillarity in the cavities between the particles ; since however, some of the 
particles are capable of swelling, it is partly held as water of imbibition The 
amount of water that can be retained by a soil shows wide differences that depend 
mainly on the size of the particles of the particular soil. According to the sizes of 
the particles the following types of soils are distinguished : 


Coarse Gravel- Roek 
Fine Gravel 
Coarse Sand 

Fine Sand .... 
Coarse Clay 

Fine Clay or Colloidal Clay . 


Size of Particles. 

> 20 mm. 

20-2 mm. 

2-0 *2 mm. 
0*2-0*02 mm. 
0*02-0*002 mm. 
0*002 mm. 


The water-capacity, i.e, the maximum amount of water retained, of a clay soil 
is large, little water percolating through it ; on the other hand it is small for a 
sandy soil through which water percolates readily. When the drainage of the 
percolating water is mechanically prevented, the w f ater will gradually fill all the 
cavities in the soil and displace the air. The result is a sw’ampy soil which, on 
account of its deficiency in oxygen, is very unfavourable for tbe development of 
most plants. 

Besides the water precipitated as rain, the water in the subsoil plays a part in 
the water-content of a soil, especially in rainless periods, since it can be drawn up 
by capillarity. Soils with small cavities are naturally more effective in this 
respect than thoso in which the cavities are larger. There is an associated danger, 
however, for fine-grained soils continue to raise the deeper water to the surface ; 
with continued evaporation the soil is dried to a considerable depth. In a sandy soil, 
on the other hand, only the water in the uppermost layers of the soil can bee vaporated. 
Thus, in the latter case the water present in the deeper portions remains available 
for the use of plants. Fine grained soils, as a rule, undergo extreme variations 
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in their water-content. It follows from what has been said that the physical 
properties of the soil have an important bearing on the geographical distribution 
of plants. 

Other Types of Absorption of Water. — Some plants do not obtain their water 
from the soil. They belong chiefly to two distinct ecological groups, the 
epiphytes and the water-plants. The morphological and anatomical pecu- 
liarities found in relation to the absorption of rain and dew by the sub-aerial 
organs have already been dealt with on p. 173 f. 

(b) The Absorption of Nutrient Salts. — The nutrient salts can only 
be absorbed by the superficial cells of the plant when in solution. The 
question has to be considered in what way the dissolved substances 
reach the vacuole through the cell- wall and the protoplasm. It was 
seen in connection with plasmolysis (p. 218) that the protoplasm is 
more or less semi-permeable, i.e. permeable to water but only with 
difficulty to dissolved substances. If the protoplasm were really quite 
impermeable to the salts that have been considered above, not even 
traces of them could enter the cell-cavity. Practically, however, the 
impermeability of the protoplasm is perhaps not absolute for any 
substance ; there are all grades, from substances that pass through 
the protoplasm as easily as water, to those that are almost incapable 
of passing through it. Substances that diffuse fairly quickly cause a 
transient plasmolysis. Alcohol, ether, and chloral hydrate diffuse with 
special rapidity and cause no plasmolysis. The permeability of the 
protoplasm is not always the same, and may be regulated according 
to the external conditions ( 22 ). The salts of alkalies, for example, 
determine an increasing impermeability as regards themselves, and the 
salts of the alkaline earths can also diminish permeability for the 
alkaline salts. 

The absorption or not of a substance is determined not by the 
whole protoplasm but by its external limiting layer. In the further 
passage of the substance, from the protoplasm into the cell-sap, the 
wall of the vacuole exercises a similar power of selection. The 
cause of the selective power, by reason of which different cells 
can appropriate quite distinct constituents or substances in different 
amounts from the same soil, is to be sought in this most important 
property of the limiting layers of the protoplasm. 

From the same soil one plant will take up chiefly silica, another lime, a third 
common salt. The action of Seaweeds in this respect is especially instructive ; 
living in a medium containing some 3 per cent of common salt and poor in 
potassium salts, their cells, nevertheless, absorb relatively little common salt, but 
accumulate potassium salts. 

Every substance to which the limiting layers of the protoplasm 
are permeable must ultimately reach the same concentration in the 
vacuole as in the solution outside the cell when its absorption would 
cease. Practically it often enters in much greater amount than this. 
Thus, for example, only a trace of iodine is present in sea- water, 
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but may be accumulated in such quantities in seaweeds for these to 
become a source from which it is commercially obtained. The cell 
has not only a selective power, but is also able to store up materials 
by converting them into insoluble or indiffusible forms. 

Certain organic pigments ( 23 ) such as methylene blue are especially suited to 
deihonstrate the entrance and accumulation. Many cells contain tannins in their 
vacuoles, and these substances form with the entering pigment a compound which 
is indifFusiblo or quite insoluble. For this reason the vacuole becomes deeply 
coloured or has blue precipitates, though the solution of methylene blue employed 
is extremely dilute. It is noteworthy that the protoplasm itself remains un- 
stained and is not in any way injured ; the pigment would be accumulated in 
dead protoplasm. 

The accurate study of the passage of colouring matters through the piotoplasm 
has afforded valuable information regarding the causes of permeability, without as 
yet leading to a generally accepted theory. It may first be remarked that all cells 
do not behave alike. Thus the cells adjoining the vessels absorb acid dyes readily 
while usually permitting the basic dyes to pass. Since only basic dyes are soluble 
in lipoids, i.c. in fats and fatty bodies (lecithin, cholesterin) and the acid dyes are 
insoluble, the view has been advanced ( 24 ) that the limiting layer of the proto- 
plasm may consist of lipoids ; with various modifications this view has many ad- 
herents. But this “ lipoid-theory ”, like the other hypotheses to be mentioned, is 
open to serious objections. Ruhland has developed in place of it the ultra-filtra- 
tion theory (~ 5 ), according to which the penetration of pigments depends on the size 
of their particles, the protoplasm acting like a sieve. According to Tiiaube’s 
theory ( 2fi ) the power of a substance to lower the surface tension of water detei - 
mines its absorption by a cell. Lastly, according to the views of Hansteen ( 27 ), 
the outermost layer of the protoplasm consists of phospliatides, which can in 
various ways be more loosely or closely placed under the influence of particular 
substances and external factors ; in this way the permeability will be altered. 

Under natural conditions some plants absorb the nutrient salts 
from water as do the plants in a water-culture experiment. This is 
the case in many water-plants in which the whole external surface is 
of use in absorption. Since the salts only exist in very dilute solution 
in the water, the need of an extended surface for this purpose is 
readily understood ; this in part explains the frequent occurrence of 
finely divided leaves in water-plants. The salts dissolved in the water 
are not, however, sufficient for all aquatic plants ; many absorb 
substances from the soil underlying the water by means of their roots, 
and do not succeed when deprived of roots. 

As a rule in land-plants the salts are absorbed from the soil. 
The salts contained in the nutrient solution described above, or similar 
compounds, are constantly present in the water of the soil ; some of 
them, however, in such small amount as only to suffice for the growth 
of plants for a short period. Other sources of supply of the food-salts 
must exist when such growth continues. In fact, the amount of salts 
dissolved in the soil-water is no measure of the fertility of the soil. 
The soil always contains food-salts, partly in an absorbed condition, 
and partly in mineral form which the plant has to render accessible. 

Q 
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This is effected mainly by the excretion of carbonic acid from the root- 
hairs. Many substances are much more readily soluble in water con- 
taining carbonic acid than in pure water. 

Tho solution of solid rock by the plant may most readily be shown by allowing 
the roots to grow against smooth polished slabs of marble ; the course of the roots 
is indicated by the etching of the surface. 

There are other cases in which stronger acids than carbonic acid excreted by 
the plant are concerned in bringing minerals into a soluble form. This can liardly 
be doubted when felspar and mica are dissolved by certain Lichens ( ,<w ). Fungi 
and Bacteria also frequently produce and excrete solvents of this kind during their 
metabolism, and may have a similar etfoct on insoluble substances in tho soil. 

Some soils, especially those containing much clay, lime, or humus, have the 
property of retaining potassium and ammonium salts, and in less degree salts of 
calcium and magnesium ; these substances are not easily washed out of the soil 
but can be obtained by plants. This is spoken of as the power of absorption of 
the soil for the substances in question. This does not hold for all salts ; thus, for 
instance, sulphates and nitrates are not absorbed. 

When the substratum contains, in addition to water and nutrient 
salts, dissolved organic substances, these may be absorbed in the same 
way. Water-cultures show, however, that at least the typical green 
plant is not dependent on such substances. It is otherwise with the 
Fungi and other plants which resemble them in metabolism (p. 257). 

In addition to water and nutrient salts, dissolved gases may also be 
absorbed by the roots. As a rule only oxygen need be considered. 
The main source from which gases are absorbed is the atmosphere. 


2. The Giving off of Water 

The water absorbed by the roots is conducted throughout the body 
of the plant and given off from the subaerial parts in the form of vapour 
or less commonly as drops of liquid w r ater. The former process is 
known as transpiration, the latter as exudation. 

Transpiration ( 29 ) 

The vegetable cell, like every free surface of water or substance 
swollen with water ( e.g . gelatine, mucilage), must give up water to the 
air so long as the latter is not completely saturated. Under certain 
conditions the loss of water from some parts of plants (e.g. roots, sub- 
merged portions, shade-plants) is very great. Such objects exposed to 
dry air, especially in the sun, lose so much water that they become 
collapsed, limp, and wilted, and ultimately dried up. The leaves borne 
on ordinary land-plants behave otherwise. At first sight no loss of 
water is perceptible from them ; but they also wilt during a drought, 
which renders absorption of water from the soil difficult. If the supply 
of water to them is interrupted completely, as by cutting them off, 
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the wilting occurs more speedily. If the cut branches are placed in 
water this is absorbed by the cut surfaces and wilting does not take 
place. That they as a rule do not wilt when in position on the 
plant evidently depends on the fact that water is supplied from below 
in equal amount to that evaporated from above. The giving off of 
water can be demonstrated by simple methods. 

Transpiration can be very strikingly demonstrated by the change in colour of 
cobalt paper ; filter-paper soaked in a solution of cobalt-chloride has when com- 
pletely dried a blue colour which changes to red on the presence of water. If a 
small piece of this cobalt paper is laid on a leaf and protected from the dampness 
of the atmosphere by a slip of glass, the change in colour to red, that commences 
at once, indicates the transpiration ; conclusions as to the quantity of water given 
off may be drawn from the greater or less rapidity of the commencement and 
progress of the change in colour. Exact information on this point can only be ob- 
tained by weighing experiments. The flower-pot must be so covered that no 
evaporation can take place from it. The loss of water-vapour by a plant is usually 
so great, as to be recorded on a common balance without great difficulty in the 
course of a quarter of an hour. No general statement can be made as to the 
amount of transpiration from a unit area of transpiring surface, for this depends on 
many external factors, e.g. temperature, light, supply of water, etc., as well as on 
the structure of the plant. 

The process of transpiration takes place in this way. An 
epidermal cell exposed to the air will lose some of the imbibition 
water of its cell-wall by evaporation ; this would go on until the 
cell-wall was dried by the air if a reserve of water were not obtainable 
from within the cell. This is in fact obtained from the protoplasm, 
from which the cell-wall, no longer fully saturated, withdraws imbibi- 
tion water, and the protoplasm in turn makes good its loss from 
the vacuole. The movement of the water affects the interior of 
the cell, and brings about a concentration of the cell-sap. Thus the 
conditions are established for the cell to absorb water from an adjoin- 
ing cell which is not itself transpiring, and the loss of water is thus 
conducted from the superficial cells where evaporation is taking place 
into the depths of the tissue. The amount of transpiration primarily 
depends on the permeability to water of the cell-wall. If the cell- 
wall is an ordinary cellulose membrane the amount of transpiration 
will be large ; when the wall is covered with wax or cuticle, or 
impregnated with cuticular substance, it gives off little water. Com- 
parative investigations on suitable objects, by means of cobalt paper, 
show how the transpiration diminishes with the increase in thickness 
of the cuticular layers until it ultimately becomes practically non- 
existent. Corky walls behave in the same way as cuticularised 
layers. In their outer covering of cork, cuticle, and wax, plants 
possess a protection from a too rapid loss of water. An apple or a 
pumpkin, fruits with well developed cuticles, or a potato tuber protected 
by a layer of cork from loss of water, will remain turgescent for a 
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long time. The green organs of plants, on the other hand, which 
must be able to get rid of the surplus water in order to secure the 
concentration of the nutrient salts and to reduce their temperature, 
make little use of such protective coverings. On the contrary, it 
has been seen (p. 158) that they are provided, besides the adaptations 
to regulate the transpiration, with special contrivances for promoting 
evaporation. Their great surface extension may be specially men- 
tioned. 

Transpiration is not, however, limited to the cells which are directly 
in contact with the atmosphere ; an enormous number of internal cells 
can get rid of water-vapour when they abut on intercellular spaces. 
The air-filled intercellular spaces would clearly, after a short time, 
become completely saturated with water-vapour were they completely 
closed. Communications exist, however, as we have seen, between 
the atmosphere and the intercellular spaces, the most important 
being the stomata (p. 48). The aqueous vapour can escape by these, 
and thus the condition of saturation of the air in the intercellular 
spaces is not complete. The water-vapour escaping from the stomata 
is readily recognised by means of cobalt paper. If pieces of this are 
laid at the same time on the upper and lower surfaces of a leaf that 
has stomata only on the lower side, a change of colour will quickly 
take place in the cobalt paper on this side, while the blue colour 
will persist for a long time in the paper on the upper side. 

It is usual to distinguish stomatal and cuticular transpiration, and 
we may thus say that only the stomatal transpiration is of importance in 
the typical land plant. In plants inhabiting damp localities the cuti- 
cular transpiration becomes considerable. Though the openings of the 
stomata are extremely small (cf. p. 49) they are usually present in 
enormous numbers and very suitably distributed. When it is taken 
into consideration that, as Noll has shown, a medium-sized Cabbage 
leaf is provided with about eleven million, and a Sunflower leaf with 
about thirteen million stomata, it is possible to estimate how greatly 
evaporation must be promoted by diffusion through these innumerable, 
minute but closely placed perforations in the cuticular membrane, which 
itself allows practically no water to pass. 

The smallness of the pores is indeed advantageous for transpira- 
tion. Brown and Escombe have shown that by diminishing the size 
of the pores in an evaporating surface while at the same time a 
corresponding increase in number of the stomata takes place, the total 
loss of water in transpiration is increased. 

A further important property is that stomata not merely facilitate 
transpiration, but can stop it; they serve to REGULATE the trans- 
piration, which a cuticle cannot do. The width of the pore of the 
stoma can be altered by changes in the guard-cells. When the pore is 
fully opened transpiration is maximal, and when it is completely 
closed transpiration sinks to zero. Since the opening and closing of 
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the pore take place in accordance with the needs of the plant, the 
stomata are organs which react in a wonderfully purposive fashion. 
Opening is caused by illumination and by a certain degree of humidity 
of the air ; on the other hand, darkness or dry air effect a closing 
of the pore. 

The movements of the guard-cells are movements of irritability 
and are brought about by changes in turgeseence. As a consequence 
of the peculiar thickening of the elastic cell-walls of the guard-cells 
(p. 50), an increase of the turgor-pressure intensifies the curvature 
of the cells and a diminution of turgor lessens the curvature. The 
former change leads to the opening of the pore and the latter to its 
being closed, as will be evident from Fig. 235 without further descrip- 
tion (cf. also Figs. 45-47). 

An increase of turgor could result from more water being available 
for the osmotically active contents of the guard-cells to attract. As a 
matter of fact it comes about from a considerable increase in the 
osmotic value of the guard-cells under the conditions of increased 
illumination and humidity. The osmotic value on the other hand 
diminishes with shading and dryness. 

This increase in the osmotic value of the sap of the guard-cells is to be mainly 
related to the solution of the starch deposited in the ehromatophores, i.e. its con- 
version into an osmotically active substance. Correspondingly the fall in osmotic 
value is brought about by the re-forming of this starch. The enzyme on which 
the solution of the starch -grains depends is rendered active by a number of different 
stimuli, some of chemical and others of physical nature ; similarly the regeneration 
of the starch can be determined in various ways. The influence of light on the 
enzymatic process in the guard-cells is especially important. According to the 
investigations of Linsbauer and Stalfelt, a sudden change in the strength of 
the illumination is recognisable within 3-5 minutes by an alteration in the size 
of the stomatal pores ( :i0 ). 

The stomata are mainly present on the leaves, which are thus to 
be regarded as organs of transpiration (and of assimilation, p. 240). 
The amount of water evaporated from the leaf-surfaces is surprising ( 31 ). 
For instance, a strong Sunflower plant, of about the height of a 
man, evaporates, in a bright day, over a litre of water. It has been 
estimated that an acre of Cabbage plants will give off two million 
litres of water in four months, and an acre of Hops three to four 
millions. For a Birch tree with about 200,000 leaves and standing 
perfectly free, von Hohnel estimated that 300-400 litres of water 
would be lost by evaporation on a hot dry day ; on an average the 
amount would be 60-70 litres. A hectare of Beech wood gives off on 
the average about 20,000 litres daily. It has been calculated that 
during the period of vegetation the Beech requires 75 litres and the 
Pine only 7 litres for every 100 grammes of leaf substance. For every 
gramme of dry, solid matter produced, 250-900 grammes of water 
are evaporated on the average. 
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It is evident from these and similar experiments that more water is evaporated 
in a given time from some plants than from others. These variations are due to 
differences in the area of the evaporating surfaces and to structural peculiaiities 
(the number and size of the stomata, presence of a cuticle, cork, or hairy covering, 
etc.). But, even in the same shoot, transpiration is not always uniform. This is 
attributable to the fact that, both from internal and external causes, not only the 
size of the openings of the stomata varies, but also that transpiration, just as 
evaporation from a surface of water, is dependent upon external conditions. Heat, 
as well as the dryness and motion of the air, increases transpiration for purely 
physical reasons ; while light, for physiological reasons, also promotes it. From 
both physical and physiological causes, tranpiration is more vigorous during the 
day than night. Plants like Impaticns parviftora, which droop on warm days, 
become fresh again at the first approach of night. 

In order to arrive at a proportional measurement for the physio- 
logically active forces and the evaporation due to the atmosphere, the 



Fia. 233.— Stoma of Helleboras sp. in transverse section. The darker lines show the shape assumed 
by the guard-cells when the s»tomn is open, the lighter lines when the stoma is closed. (After 
Schwendenek.) The cavities of the guard-cells with the stoma closed aie shaded, and are 
distinctly smaller than when the stoma is open. 

transpiration of the leaf may be compared with the evaporation from 
an equal surface of pure water under the same external conditions. 
The ratio, transpiration : evaporation (T/E) which is always less than 1, 
may be termed relative transpiration. This conception must, however, 
be employed with caution, because, with an alteration in the external 
factors, the evaporation from a free water-surface follows other laws than 
the giving off of water- vapour through a multiperforate membrane ( 32 ) 

Information as to the condition of opening ( 33 ) of the stomata can be obtained 
by the use of cobalt paper (cf. p. 227) or by the method of infiltration. If the 
stomata are open, fluids such as petroleum, alcohol, etc., easily penetrate and inject 
the whole system of intercellular spaces ; the leaf thus becomes translucent. If a 
strip of black paper is laid across a leaf the underlying stomata close. On treat- 
ment with alcohol the appearance represented in Fig. 236 is then obtained. The 
open condition of the stomata may also be demonstrated by the method of gaseous 
diffusion. If a red leaf containing anthocyanin with its stomata open is placed in 
air containing ammonia, a blue colour develops in a few seconds ; this does not 
take place if the stomata are closed. More recently the pororneter devised by 
F. Darwin for the measurement of the width of the stomatal openings has been 
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employed. It consists of a small glass bell (Fig. 237 G) which is closely cemented 
to the leaf (B). The enclosed air, by means of a suction applied at Q, is brought 
somewhat below atmospheric pressure ; the pressure is measured by the water- 
manometer (T). The rapidity with which the pressure in the bell and the atmo- 
spheric pressure are equalised gives a measure of the condition of opening of the 
stomata. 


Plants of dry habitats which require to economise the absorbed 
water show numerous arrangements which protect them against 



Fu;. 23U.— A leaf of Lilac darkened in the 
middle while t he riels w ere exposed to 
light. Only tin* illuminated stomata 
remain open and allow the absolute 
alcohol to enter. (After Moi.isch.) 


T 



Fio. 287.— Porometer after F. Darwin. B, leaf; 
G, glass chamber; T, manometer; Q, com- 
pression clip ; W, water. 


excessive transpiration (cf. p. 159). In plants living in very damp 
situations, on the other hand, arrangements to further transpiration 
are found. When the leaf is able, either by absorption of heat from 
without or by the production of heat within itself (p. 273), to raise 
its temperature above that of its surroundings, transpiration is still 
possible even in an atmosphere saturated with aqueous vapour. In 
the process of exudation the plant has a further means of giving o 
water even after transpiration has completely stopped. 


Exudation ( 34 ) 

The discharge of water in a liquid state by direct exudation is 
not of so frequent occurrence as its loss by transpiration, but is foun 
under special conditions, viz. when the plant is saturated with water 


232 


BOTANY 


PART I 


and the air is saturated with water vapour. Early in the morning, 
after a warm, damp, but rainless night, drops of water may be 
observed on the tips and margins of the leaves of many of the plants 
of a meadow or garden. The drops gradually increase in size until 
they finally fall off and are again replaced by smaller drops. These are 
not dewdrops, although they are often mistaken for them ; on the 
contrary, these drops of water exude from the leaves themselves. 
The drops disappear as the sun becomes higher and the air warmer 
and relatively drier, but can be induced artificially if a glass bell-jar 
be placed over the plant, or the evaporation in any way diminished. 

The excretion of drops from the leaves 
can be brought about by artificially 
forcing water into cut shoots. 

The drops appear at the tips of the leaves 
in Grasses, on the leaf- teeth of Alchemilla , 
and from the blunt projections of the leaves in 
Tropaeolum (Fig. 238). They come from so- 
called water- stomata (p. 110) or through 
ordinary stomata, or tiny are secreted by small 
pits or hairs (sometimes by stinging hairs). 
All such water-excreting organs are termed 
HYDATHODES. 

The excretion of liquid water is far more 
common in moist tropical forests than in 
temperate climates. Such exudations of water 
are particularly apparent on many Aroids, and 
drops of water may often be seen to fall, 
o 00 w * r within short intervals, from tlie tips of the large 

from a i,*af of Tropaeolum majns. leaves. From the leaves of Coloccisia nymphaci- 
(After Non..) folia the exuded drops of water are even 

discharged a short distance, and 190 drops 
may fall in a minute from a single leaf, while litre may be secreted in 
the course of a night. Again, in unicellular plants, especially some Moulds, the 
copious exudation of water is very evident, the water in this case is pressed 
directly through the cell-walls. 

Since the excretion of water in the liquid form can occur when 
the conditions are unfavourable to transpiration, especially in sub- 
merged water-plants, it may in a sense take the place of transpiration 
in maintaining the current from the water-absorbing organs. Its 
physiological significance is not, however, the same as transpiration, 
since the expressed water always contains salts, and sometimes also 
organic substances in solution. In fact, the quantity of salts in water 
thus exuded is often so considerable that after evaporation a slight 
incrustation is formed on the leaves (the lime-scales on the leaves of 
Saxifrages and the masses of salt in some halophytes, p. 213). In 
some instances, also, the substances in solution in the water may play 
the main physiological part in the process as in the case of the 
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secretions of the nectaries, of the digestive glands of insectivorous 
plants (p. 262 ), and of some stigmas. 

Bleeding. — -Exudation of water may often he observed after a 
plant has been wounded ; it is regularly seen in trees and shrubs 
when cut in the spring, and is especially well marked in the Vine. 
In shrubs cut off a short distance above 
the ground, the extrusion of water from 
the wound is readily demonstrated. In 
this weeping or bleeding of wounds the 
water comes from the vessels and 
tracheides, and is pressed out with 
considerable force (root-pressure). 

If a long glass tube be placed on the root- 
stump and tightly fastened by rubber tubing, 
the exuded fluid will be forced up the glass tube 
to a considerable height. How great the force of 
this pressure is may be shown by attaching to the 
stump a manometer (Fig. 239). The column of 
mercury will in some cases be forced to a height 
of 50 or 60, and under favourable conditions to 
140 cm. or more (in the Birch). These pressures 
would be sufficient to raise a column of water 
6, 8, and 18 metres high. 

The amount of water extruded is especially 
great when the soil is kept moist and warm ; it 
continues under such conditions, according to 
tin* kind of plant and its stage of development, 
some days or even months. The water may 
amount to many litres : up to 1 litre per day in 
the Vine, 5 litres in the Birch, and 10-15 litres 
in Palms. In parts of plants that continue 
bleeding for some time a certain periodicity in 
the amount is noticeable ; more is extruded by 
night than by day. 

The outflowing sap often contains, in addition 
to mineral salts, considerable quantities of 
organic substances (dissolved albuminous matter, 
asparagin, acids, and especially carbohydrates). 

The amount of saccharine matter in the sap of 
some plants is so great that sugar may be 

profitably derived from it. Tlu* sap of the North American sugar-maple, for 
example, contains £ percent of sugar, and a single tree will yield 2-3 kilos each 
spring. The sap of certain plants is also fermented and used as an intoxicating 
drink (birch wine, palm wine, pulque, a Mexican beverage made from the sap of 
Agave , etc.). One indotvseenco of Agave will yield 1000 litres of sap in from four 
to five months. 

Causes of the Excretion of Water O* 5 ). — The excretion of drops of water from 
intact plants is in part due to an active excretion of water from superficial cells. 
In other cases water is forced into the vessels, and finds a way out at the points of 
least resistance (p. 110). In the phenomenon of bleeding, also, water is forced from 



t’n;. ’.23'.*. — Vigorous exudation of 

water as the result of root-pres- 
sure from a cut stem of Dahlia. 
The smoothly-cut stem s is joined 
to the glass tube g by means 
of the rubber tubing e. The water 
H r , absorbed by the roots from 
the soil, is pumped out of the 
vessels of the stem with a force 
sufficient to overcome the resist- 
ance of the column of mercury Q. 
(After Noll.) 
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parenchymatous cells into the cavities of the vessels ; although this process takes 
place especially often in roots, it is not always absent in the cases of stems and 
leaves. 

Thus, when fully analysed, all the phenomena described show a one-sided 
excretion of fluid from living cells. The causes of such glandular activity of the 
cells cannot be entered into here. 

3. Conduction of Water ( 8G ) 

The water which is given off from the leaves has been absorbed by 
the roots. It has thus to traverse a path which, even in annual plants, 
may amount to some metres, and in the giants of the vegetable kingdom 
may be more than 100 m. ; the stems of Eucalyptus amygdalina 
are 100 m., those of Sequoia gigantea 95 in. in height. Osmotic 
passage from cell to cell would bring about the movement of this 
water far too slowly to cover the loss. The movement of water for 
this purpose, or, as it is called, the transpiration stream, is prac- 
tically confined to the woody portion of the vascular bundles, e.g. the 
wood of trees. This is shown by the classical experiment of ringing a 
woody stem. Over a short extent of a branch all the tissues external 
to the slender column of wood are removed. Since the leaves of 
this branch remain as fresh as those of the other branches it is evident 
that the transpiration current must pass through the wood and not 
through the cortical tissues. On the other hand, when a short length 
of the wood is removed from a stem without at the same time unduly 
destroying the continuity of the cortex, the leaves above the point of 
removal will droop as quickly as in a twig cut off from the stem. 
This experiment can be performed either on intact plants or on cut- 
off branches placed in water ; the latter for a time, until changes 
have taken place at the cut surface, absorb water as actively as 
does the intact plant by its roots. When a branch is cut off and the 
cut surface is placed in a solution of gelatine, which penetrates for 
some distance into the vessels and can then be allowed to solidify, 
the wood will be found to have lost its power of conducting water. 
This shows that the cavities of the vessels are essential for water- 
conduction. 

In water-plants and succulents, in which little or no transpiration takes place, 
the xylem is correspondingly feebly developed. On the other hand, the transpiring 
leaf-blades have an extraordinarily rich supply of vascular bundles ; these anasto- 
mose freely, so that any particular point is sure to obtain sufficient water. The 
conducting tracts in the stem leading to the leaves form, especially in trees which 
grow in thickness, a wonderfully effective conducting system. All the wood of a 
thickened stem does not serve this purpose ; water-conduction is limited to the 
more recently developed annual rings. When a heart-wood (p. 149) is formed this 
takes absolutely no part in the process. 

As regards the forces which maintain this stream of water it has already 
been seen (p. 222) that the water is absorbed by means of the suction- 
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force of the epidermis of the root and especially of the root-hairs. 
From the epidermis it has to be conducted across the inner layers of 
cells of the root to the vessels. In these it ascends until it reaches 
the leaves. Here again, there are several layers of parenchymatous 
cells to be traversed before the water reaches the cells that actually 
give it off. The movement of water 
in the plant is diagrammatically 
represented in Fig. 240. There are 
evidently three questions to be 
answered : 1, how does the water 
reach the vessels ; 2, how is it 

conducted in the vessels, and 3, how 
does it reach the peripheral cells of the 
leaves from the vessels ? 

The water can only be conducted 
from the epidermis of the root if the 
suction - force increases on passing 
inwards across the cortical cell-layers. 

On the other hand the suction-force 
of the cells in the leaf must increase 
on passing outwards. Ursprung and 
Blum have made measurements which 
show that in the case of the root the 
suction-force of the cortical cells does 
actually become greater and greater 
until the endodermis is reached. In 
the leaves it was shown in a corre- 
sponding fashion that the cells of the F,G - -U 0 .— Diagrammatic representation ot 

spongy parenchyma have a greater (Af ter Walter.) 
suction-force than the parenchymatous 

cells abutting on the vessels, and the value for the palisade cells 
is still greater. These results may be illustrated by an example. 

The cells of the roots of Phaseolus , 1 cm. behind the tip, showed in a particular 
case the following values for their suction-force, expressed in atmospheres ( M ) : 


Epidermis. 

Cortex : Layer 1 

2 3 

4 5 6 7 

0-3 

0*5 

1*5 1*8 

2*0 1*8 2*2 2*3 


Endodermis. 

Pericycle. 

Wood-parenchyma. 


1*6 

1*4 

1*6 



The leaf of Hcdcra helix gave the following values : 

Upper Epidermis. Palisade-parenchyma. Spongy iiarencliyma. Lower Epidermis. 
8*3 13*0 10-2 7*8 


The suction- forces show ascending values from the epidermis to the endodermis 
of the root. The cells of the endodermis, and those of the pcricycle and the 
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parenchyma cells around the vessels further in, show a diminished value. There is 
a sudden alteration at the endodermis. In order to explain continued water- 
conduction by means of the suction-forces through these and the more internal 
cells, Ursprung has resort to a hypothesis of a non-homogeneous suction-force. It is 
assumed that each of the cells of the endodermis has a higher suction-force on the 
side towards the epidermis, and that this is greater than the suction-force of the 
adjoining innermost cortical cell ; on the other side of the endodermal cell, that 
turned inwards towards the vessels, the suction- force is much less. 

Thus when in the above example the value of 1 *6 atmospheres was determined 
for the endodermis this would be an average between (say) 2*5 atmospheres for the 
suction-force to the outside and 0*7 atmosphere for the suction-force to the inner 
side. If the cells further in behave in the same way, a stream of water from the 
epidermis to the vessels could come about in spite of the fall in osmotic value 
apparent at the endodermis. 

In the second example the parenchymatous cells that surround the bundle are 
not included. Ursprung has however shown that their suction-force value is 
similar to that of the epidermal cells. If the epidermal cells have constantly a 
lower value than the cells of the palisade and spongy parenchyma it is clear that they 
are not supplied with water from the latter ; they will take water directly from the 
larger veins where the sheaths of the latter abut on the epidermis. 

Turning to the question as to how the water moves in the vessels 
there is still uncertainty as to the forces which give rise to the 
transpiration stream. It is natural to think of a pressure acting from 
below, or a suction from above, and to regard the former as due to 
root-pressure, the latter to the process of transpiration. There are, 
however, a number of reasons against ascribing the movement of 
the water to root-pressure. The other possibility, that it is mainly 
the suction-force arising from transpiration which raises the consider- 
able amount of water to the summit of high trees, has at present many 
adherents ; but there are still many gaps in the proof of this cohesion 
THEORY. 

The following points have to be considered as regards the root-pressure. In 
many plants the root-pressure actually observed is very slight or absent. Even 
in plants with a powerful root-pressure the amount of water thus supplied in a 
given time is considerably less than that lost in transpiration. With somewhat 
more active transpiration, therefore, the root- pressure is not manifested in the 
way described above. When an actively transpiring plant is cut across above the 
root, no water is at first forced from the stock ; but, on the other hand, if water is 
supplied to it the cut surface absorbs it greedily (there is evidence of a negative 
pressure). Only after it is fully saturated does the forcing-out of water commence. 
In nature root-pressure thus only comes into play when transpiration is greatly 
lessened, for instance at night when the air is damp and cool. The most favour- 
able conditions for this phenomenon occur in spring when, on the one hand, the 
wood is richest in water, and, on the other, the transpiring foliage is not fully 
developed. On wounding the xylem the sap then oozes in drops out of the vessels 
and tracheides. A positive root-pressure in trees with foliage appears only to occur 
in tropical forests. 

Many facts in support of the cohesion theory have been adduced. A cut shoot 
placed with its lower end in water shows by remaining fresh that it is able to 
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raise the water to its uppermost twigs. This does not fully exhibit the amount 
of suction-force which the shoot can exert, for if the latter is connected with a 
long tube filled with water it can support a water column of 2 metres or more in 
height. If the end of the tube is dipped into mercury even this heavy fluid will 
be lifted to a considerable height. Strong and otherwise uninjured branches of 
Conifers are able to raise the mercury far above the height of the barometric 
column, without showing signs of wilting. Necessary conditions for such a suction 
are on the one hand an air-tight closing of the water-conducting tracts, and on the 
other hand a considerable cohesive power of the fluid to be raised. The cohesion 
of water has been found to attain a high value ; according to the measurements of 
U its p rung and Renner it may reach at least 350 atmospheres. Thus it is possible to 
picture the pull exerted by transpiration being transmitted by the cohesion of the 
water to the tips of the roots. If the cohesion theory is correct it should be possible 
to demonstrate a considerable tensile force in the conducting tracts, and Renner 
believes that proof of this is forthcoming ( 37 ). The experiments of this investigator 
have weakened another objection to the theory and shown that the frictional 
resistance which the water experiences in its passage through the narrow vessels 
is not too great to be overcome by the suction-forces. Since the frictional lesist- 
ance naturally increases with the length of the conducting tracts, and thus in the 
plant from above downwards, the demonstration by Huber that a corresponding 
increase in the suction-forces in the leaves accompanies an increase in the resistance 
is important for the cohesion theory ( 38 ). There is difficulty in demonstrating the 
continuous water-columns in the conducting tracts required by the theory. It has 
recently been shown by Bode that such continuous water-columns exist in trans- 
parent herbaceous stems, and that they are not broken even by the considerable 
increase of the tensile force that accompanies wilting ( a9 ). 

It is not out of the question that the living elements, always present in the 
vascular strands, may play a part in the raising of the water. 


IV. The Nutrient Materials derived from the Atmosphere 

While water and salts are, as has been seen, as a rule absorbed from 
the soil, the air contains substances which are necessary to the success- 
ful existence of the plant, and must be termed food-materials. These 
are carbon dioxide and oxygen. They are, as a rule, obtained from 
the atmosphere. Only submerged water-plants obtain them from the 
water, in which case they are absorbed in the same way as other 
dissolved substances. 

Oxygen. — When a plant is deprived of oxygen, all vital manifesta- 
tions sooner or later cease (cf. p. 289). Since oxygen is also essential 
to the human organism, this fact does not seem surprising. 

Carbon Dioxide. — It appears at first sight much less self-evident 
that carbon dioxide should be indispensable to the plant, and yet 
this is the case. While no source of carbon is offered to the plant 
in a water-culture, it grows in the food-solution, and accumulates 
carbon in the organic compounds of which it consists ; the only 
possible conclusion is that the plant has utilised the carbon dioxide of 
the atmosphere. Carbon dioxide is present in ordinary air in the pro- 
portion of 0*03 per cent; thus a litre contains 0*3 ccm. If such air 
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is passed over a green plant exposed to bright light, it can be shown 
that the carbon dioxide diminishes in amount or disappears. Colour- 
less parts of the plant, or organisms like the fungi which are not green, 
behave differently ; they absorb no carbon dioxide. If a green plant 
is placed in a bell-jar and supplied with air freed from carbon dioxide, 
its growth soon stops, and increase in dry weight ceases completely. 
Carbon dioxide is thus an indispensable food-material, and is evidently 
the source from which the plant obtains its carbon. The small pro- 
portion of this gas present in the atmosphere is quite sufficient for the 
nutrition of plants (p. 245). A supply of organic compounds of carbon 
in the soil or culture-solution does not enable a plant to dispense with 
the carbon dioxide of the air ; in any case C0 2 is the best source of 
carbon for the green plant which we are at present considering. 
Neither is it sufficient to supply such a plant with carbonic acid in 
the soil or culture-solution ; it requires to be supplied directly to the 
leaves. 

Other Gases. — Oxygen and carbon dioxide are the only gases 
which are necessary to the ordinary green plant. For most plants 
the nitrogen of the atmosphere is of no use (cf. p. 259). 

Absorption of Gases. — Carbon dioxide and oxygen in part enter 
the epidermal cells, and partly pass by way of the stomata into the 
intercellular spaces, from which they reach the more internal tissues. 

There are no air-filled canals or spaces in the cell-wall or the 
protoplasm through which gases could diffuse into the cell. Thus 
absorption of gases is only possible in so far as they are soluble in 
the water permeating the protoplasm and wall. The gases behave 
like other dissolved substances and diffuse into the cell. They 
diffuse through cell-walls more easily the richer in water these are. 
The ordinary cell-wall, when in a dry condition, hardly allows gases 
to diffuse through it ( 40 ) ; in nature, however, the cell-wall is always 
more or less saturated with water. The cuticle, on the other hand, has 
very little power of imbibing water, and places considerable difficulty 
in the way of any osmotic passage of gases ; it is not, however, com- 
pletely impermeable. 

The gaseous diffusion takes place rather through the water 
with which the cell-wall is impregnated than through the substance 
of the wall itself. Since carbon dioxide is much more readily 
soluble in water than is oxygen, it will be evident that it will 
pass more rapidly through a cell-wall saturated with water than 
oxygen will. In all probability this holds for the cuticle as well. 
Since, however, the partial pressure of the oxygen in the air is 
relatively considerable, while that of carbon dioxide is very slight, 
oxygen can pass in sufficient quantity through the cuticle, but carbon 
dioxide cannot; on this account we find that all organs which only 
require to absorb oxygen are unprovided with stomata, while organs 
which absorb carbon dioxide always have stomata. 
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In the soil as well as in the air, plants, as a rule, find so much oxygen that this 
gas is able to pass through the epidermis. Organs which live in swampy soil 
which is poor in oxygen form an exception to this. In marsh-plants, which stand 
partly in the air, the large intercellular spaces form connecting canals through 
which the atmospheric oxygen without being completely used up can reach the 
organs growing deep in the swampy soil and cut off from other supplies of oxygen. 

In some cases (especially in Palms and Mangroves) the need of a supply of oxygen 
to such roots is met by specialised roots (pneumatophores) which project vertically 
from the muddy soil (Fig. 181), and absorb oxygen from the air. 

The efficiency of the stomata in gaseous exchange varies with the width to which 
the pores are open. The closure of the pores of the stomata, which may be brought 
about in maintaining a sufficient supply of water, not only arrests transpiration, 
but also prevents the entrance of CO., into the plant. 

It has been seen in considering the giving off of water-vapour that the stomata, 
in spite of their small size, facilitate diffusion on account of their enormous 
numbers and their distribution. This also applies to the absorption of carbon 
dioxide. Thus, for example, a square metre of the leaf-surface of Catalpa absorbs 
about two-thirds the amount of carbonic acid gas taken up in an equal time by the 
same area of 3-10% soda solution freely exposed to the air. 

The Movement of Gases from cell to cell and their interchange 
between the cells and the intercellular spaces takes place by diffusion. 
In the intercellular spaces, movements in mass due to pressure are also 
concerned. Unequal pressure is set up by the warming or cooling 
of the air in the intercellular spaces, or by movement of the part of 
the plant leading to changes of shape. The intercellular spaces form 
a highly-branched system of cavities communicating with one another 
and with the atmosphere. The communication with the outside is 
effected in the first instance by the stomata, and also by the lenticels 
and organs of similar function (pp. 48, 56) ; both diffusion and move- 
ments in mass of the gases go on through these openings. 

That the intercellular spaces were in direct communication with each other and 
also with the outer atmosphere was rendered highly probable from anatomical 
investigation, and lias been positively demonstrated by physiological experiment. 
It is, in fact, possible to show that air forced by moderate pressure into 
the intercellular passages makes its escape through the stomata and lenticels ; 
and conversely, air which could enter only through the stomata and lenticels 
can be drawn out of the intercellular passages. The porometer described on 
p. 230 demonstrates clearly the connection between the intercellular spaces and the 
stomata. 

Intercellular air-spaces are extensively developed in water- and marsh-plants 
(cf. p. 157), and may form two-thirds of their volume. The submerged portions 
of water-plants unprovided with stomata thus secure a special internal atmo- 
sphore of their own, with which their cells maintain au active interchange of 
gases. This internal atmosphere is in turn replenished by slow diffusion with the 
gases of the surrounding medium. As regards the rest of their gaseous interchange, 
these plants are wholly dependent on processes of diffusion, since stomata, etc. are 
wanting. Plants which possess these organs may also obtain gases by osmosis 
if the cuticle of their epidermis is permeable to gases. 
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V. The Assimilation of the Food-Materials 
in the Green Plant 

The plant grows and continues to form new organs ; for these 
purposes it continually requires fresh supplies of food-materials. The 
materials of the food become changed after their absorption, and the 
substance of the plant is built up from them. They are said to have 
been assimilated. By assimilation is understood the transformation 
of a food-material into the substance of the plant. Those pro- 
cesses of assimilation in which profound changes take place, e.g. the 
change from inorganic to organic compounds, are especially interesting. 
This is particularly the case when we are still unable to experimentally 
bring about the reaction outside the organism. The assimilation of 
carbon by the green plant is a process of this kind ; in it organic 
carbon compounds originate from carbon dioxide. 

A. Assimilation of Carbon Dioxide in Green Plants ( 41 ) 

The dry- weight of a green plant is increased when this is grown 
in a water-culture ; half of this dry weight consists of carbon and this 
is not supplied in the culture-solution. The green plant obtains it 
from the carbon dioxide of the atmosphere and transforms this by the 
help of sunlight into sugar. In this process water takes part and 
oxygen is given off as is expressed in a summary fashion by the 
formula : 

6C0 2 + 6II 2 0 = C 6 H 12 O c + 60 2 . 

If we assume that the carbonic acid gas of the atmosphere (carbon 
dioxide, C0 2 ) becomes on its solution in the cell H 2 C0 3 , the formation 
of sugar would take place in two stages. In the first, oxygen would 
be given off and formaldehyde formed: 

H 2 C0 3 = HCH0 + 0 2 . 

In the second stage the aldehyde is polymerised to sugar : 

6HCHO = C 6 H 12 0 6 . 

Thus, for every volume of carbon dioxide which is used up, an 
equal volume of oxygen is formed ; in other words the relation 
of the oxygen to the C0 2 absorbed is the so-called “assimilation 

quotient” ^- = 1. It has been shown by eudiometric measurements 

that this is the case. The oxygen given off can, however, even 
when it is only detected qualitatively, be used as an indicator of the 
decomposition of the carbonic acid. Thus, when a plant is enclosed 
along with phosphorus in a space free from oxygen and exposed to 
light, the formation of oxygen is shown by the white fumes given 
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off from the phosphorus. Another means of drawing conclusions 
as to the production of oxygen by a green plant is afforded by 
the movements of certain Bacteria which previously lay motionless 
in the water from which oxygen was absent (p. 329). The clearest 
demonstration of assimilation is obtained by using certain water-plants 
such as Elodea or Potamogeton. If 
cut shoots or leaves of these plants 
are submerged in water and 
exposed to light, a brisk con- 
tinuous stream of bubbles comes 
from the cut surface. If the gas 
is collected in considerable quantity 
in a suitable apparatus, e.g. in 
a test-tube (Fig. 241), it can be 
shown to consist not of pure 
oxygen but of a mixture of gases 
rich in oxygen ; a glowing splinter 
bursts into flame in the gas. 

The appearance of the bubbles of 
oxygen is explained in this way. The 
carbon dioxide dissolved in the water 
enters the green cells of the plant by 
diffusion and is there decomposed. The 
oxygen given off is much less soluble 
than carbon dioxide and therefore 
appears in the gaseous form. It passes 
into the intercellular spaces, causing 
there an increase of the pressure, and 
this is the cause of the appearance of 
bubbles of gas at every wounded surface. 



Fjg. *241. — Evolution of oxygen from assimilating 
plants. In the glass cylinder C , tilled with 
water, are placed shoots of Elodea canadensis ; 
the freshly-cut ends of the shoots are intro- 
duced into the test-tube It, which is also full 
of water. The gas bubbles B , rising from tin 
cut surfaces, collect at 5. II, stand to .sup- 
port the test-tube. (After Noll.) 


The foundations of our know- 
ledge of the assimilation of carbon 
dioxide by the green plant were 
laid, in the end of the eighteenth 
and beginning of the nineteenth 
centuries, by Priestley, Ingen- 
houss, Senebier, and Til de 
Saussure. The discovery is of 
extraordinary significance, for the formation of organic material 

FROM CARBON DIOXIDE BY THE GREEN PLANT IS THE PROCESS WHICH 
RENDERS POSSIBLE THE LIFE OF ALL OTHER ORGANISMS AND IN 
PARTICULAR OF ANIMALS UPON THE EARTH. 

By means of the gas-bubble method it is easy to bring proof of 
the statement made above that only the green parts of plants, and 
these only in light, are able to assimilate C0 2 . Thus the stream 
of bubbles from an Elodea which goes on briskly at a brightly-lit 

R 
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window becomes slower as the plant is brought into the middle 
of the room, and ultimately ceases when the intensity of the light is 
still such as to allow our eyes to read. Within certain limits 
assimilation increases in proportion to the intensity of the light. 
Similar experiments may be carried out using artificial sources of 
light. They show that all the methods of illumination in common 
use may be effective in the assimilation of C0 2 . The rays of different 
wave-lengths are,* however, by no means of equal use in assimilation ( 42 ). 

In order to investigate the effect on assimilation of light of different wave- 
lengths, either the dissociation of light in the spectrum or light rendered 
monochromatic by colour screens may be employed. 

On the whole the assimilatory effectiveness is limited to the visible rays in the 
neighbourhood of 0*4-0 *8/4. Ursprung believes that he has demonstrated that 
both ultra-red and ultra-violet rays can also be utilised. The behaviour of the 
different rays has been much studied, but the results are still not clear. It is 
certain that the red rays of 0 m 68/u show the maximal absorption (Fig. 242) and also 



Fig. 242.— Absorption spectrum of chlorophyll according to Ur. Kraus. The Fraunhofer lines 
(B, C, etc.) are indicated above and the wave-lengths (TOO /u.ju-400 w) below. The black and 
shaded regions are those where the light is absorbed or weakened. 


have a specially strong assimilatory effect. According to Engelmann there is a 
far-reacliing correspondence between the absorption of light by chlorophyll and 
assimilation. Ursprung has investigated the starch-formation in light of all 
wave-lengths, arranged to afford equal light-energy. His results are represented 
in Fig. 243. This shows the parallelism with the absorption spectrum that might 
be anticipated ; it breaks down in the blue and violet region, because here, owing 
to the closure of the stomata, the supply of C0. 2 is too small. Kniep and Minder, 
who have investigated the assimilation in light of different colours by the gas- 
bubble method, found that blue light is as effective as red when it provides the 
same energy. 

Since sunlight is, in Nature, an indispensable factor in C0 0 assimila- 
tion it becomes at once clear why the foliage leaves have a flat 
expanded shape. Their large surface fits them to absorb the light. 
If their function of C0 2 assimilation is to be well performed the 
foliage leaves must not only have a large surface hut also be 
thin. Willstatter’s investigations showed that light which has 
passed through two foliage leaves is unable to exert any further 
assimilatory effect. The leaves must, however, contain a very large 
number of chlorophyll-grains. Their dark green colour shows that 
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this is the case, and microscopical examination confirms this. Stems 
have far fewer chloroplasts than the leaves, and the roots and other 
subterranean organs have none at all. 

Every investigation shows that organs without chlorophyll are 
quite unable to assimilate carbon dioxide. This holds not only for 
the organs of the plant but for the parts of the cell. The colourless 
protoplasm and the nucleus of the cell give off no oxygen when 
exposed to sunlight ; this can readily be proved by the bacterial 



Fie. 243. — The unbioken line represents the dependence of stai ch-formation on the wave-length of 
light, when the light-energy supplied is equal for all the lays. The dotted line represents the 
radiation absorbed by the green pigment of li\rng leaves, the enterrng radiation being 
represented by 100. On the abscissae the wave-lengths of light are given in /oi/x and some of 
the Fraunhofer lines are indicated. (Grating spectrum. After Ursiwno.) 

method. The chloroplasts alone are the active organs in C0 2 
assimilation, and only when they contain chlorophyll ; etiolated 
(p. 285) or chlorotic (p, 18) chloroplasts are not functional. 

In the red-leaved varieties of green plants, such as the Purple Beech and Red 
Cabbage, chlorophyll is developed in the same maimer as in the green parent- 
species, but it is hidden from view by a red colouring matter in the epidermis or 
in deeper-lying cells. 

Only a relatively small percentage of the light which falls on the 
leaf and is absorbed is utilised in the assimilation of C0 2 ( 43 ). That, 
however, light must disappear as such in C0 2 assimilation is clear, for 
from what other source than the energy of light could the energy be 
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obtained that is stored up in the organic substance formed in assimila- 
tion ? This potential energy of the organic substance of the plant 
serves to maintain the vital processes. The force exerted by our 
steam-engines is also to be traced to the assimilatory activity of the 
plants, the wood or the carbonised remains (coal, brown coal, peat) 
of which are burnt beneath its boiler. In the combustion of the 
reduced carbon compounds to carbon dioxide the energy, which was 
previously required to transform carbon dioxide into the combustible 
materials, again becomes free. There is thus in the formation of 
organic substance not merely a gain of indispensable constructive 
material, but also of energy in a form which 
allows of its ready utilisation in other parts of 
the plant (p. 269). 

Since a supply of energy is required in C0 2 assimila- 
tion the formula given on p. 240 may be more completely 
given — 

6 C0 2 + 6H 2 0 + 674,000 cal. = C 6 H 12 0 6 4- 60 2 . 
According to the investigations of Brown and 
Puriewitsch it can be assumed that a leaf in Nature 
absorbs about 80 per cent of the total radiation falling 
on it, including both the invisible heat rays and the 
visible rays of light. By far the greater part of this 
goes to raising the temperature of the plant, for only 
- „ . 0'5-6‘0 per cent is employed in assimilation. If, on the 

illuminated at the two other hand > onl y the visible rays that are absorbed are 
circular areas. Accumula- taken into consideration the chlorophyll-apparatus is 
tion of the bacteria only found to work very economically; Warburg and 
in the neighbourhood of ^ KGELEIN were able to show for the Alga Chlorella 

After Engelm ann ) X 25 °* that ^ eas t ^ P er cen ^ the ^sorbed visible rays of 
light were used in assimilation ( 44 ). 

The assimilatory activity of a chloroplast, like every vital function, 
is dependent on a number of internal and external factors. To the 
internal factors belong the presence of the pigment chlorophyll and 
its situation in a living chloroplast. Chlorophyll itself, separated from 
the plant, is as little able to decompose the carbon dioxide as is a 
chloroplast which for any reason has not developed the characteristic 
pigment or has lost it (chromoplasts). Since, however, assimilation is 
not proportional to the amount of chlorophyll, it is necessary to assume 
with Willstatter ( 4r< ) that in addition to the pigment another factor 
is essential, whether this is the protoplasm of the chloroplast or an 
enzyme (p. 25 2) which it contains. 

Among external factors sunlight as referred to above must be 
mentioned first, and next the presence of carbon dioxide. Since the 
latter is only present in small proportion in the air and its place 
cannot be taken by other compounds such as carbon monoxide, the 
life of plants, and with this the existence of all organisms, would 
ultimately cease were not fresh supplies of carbon dioxide continuously 
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produced. The amount of carbon dioxide in the atmosphere is 
estimated at 2100 billion kilogrammes and the annual consumption 
by green land-plants at 50-80 billion kg. 

It is thus clear that the supply would be used up in a few years by the vegetation 
( 46 ) were it not continually renewed. This is in fact the case, for the continual con- 
struction of organic substance in assimilation is accompanied by a continual breaking 
do wn of such substances in respiration and combustion. The two processes must be on 
the whole equivalent ; were it not so, it would be imcomprehensible how organic 
life has existed for millions of years on the earth. At the present time there are 
always about 3 litres of C0 2 in every 10,000 litres of air ; in winter the amount is 
somewhat greater (3.0-3-6 litres) and in summer somewhat less (2-7-2-9 litres). 

It is open to question whether these proportions have always held. It is not 
impossible that the percentage of carbon dioxide in the air may have been greater 
in earlier periods, and that the great development of the vegetation that resulted 
in the accumulations of coal may have stood in relation to this. 

The following example will serve to illustrate the magnitude of the pro- 
cess. The average amount of C0 2 is about 3 litres in 10,000 litres of the 
atmosphere. This weighs about 7 grammes, of which is oxygen, and only T S T 
carbon. Only 2 grammes of carbon are thus contained in the 10,000 litres of air. 
In order, therefore, for a single tree having a dry weight of 5000 kilos to acquire its 
2,500,000 grammes of carbon, it must deprive 12 million cubic metres of air of their 
carbonic acid. From the consideration of these figures, it is not strange that the 
discovery of Ingenhouss was unwillingly accepted, and afterwards rejected and 
forgotten. Liebig was the first in Germany to again call attention to this discovery, 
which to-day is accepted without question. The immensity of the numbers just 
cited is not so appalling when one considers that, in spite of the small percentage 
of carbonic acid in the atmosphere, the actual supply of this gas is estimated at 
about 2100 billion kilos, in which are held 560 billion kilos of carbon. The 
whole carbon-supply of the atmosphere is at the disposal of plants, since the C0 2 
becomes uniformly distributed by constant diffusion. 

These figures are also an indication of how great the converse processes of 
breaking down of carbonaceous compounds must be to maintain the supply of 
carbon dioxide at the same general level. By the respiration of the higher plants 
and animals, as well as by the combustion of coal, a considerable part of the 
organically combined C is again transformed into C0 2 ; the main part of the carbon 
dioxide is, however, probably returned to the air by bacteria living in the soil. 
Investigations have shown that the "amount of the “soil-respiration” ( i.e . the 
respiration of the micro-organisms living in the soil and of the roots of the plants), 
in the case of a field planted with wheat, would be sufficient to cover the 
requirements of C0 2 for the crop. 

According to Schroder the carbon of 1100 billion kilogrammes of C0 2 is fixed in 
the land-plants of the world ; about 90% of this is in the wood of trees. This 
amount is about one half of that cortained in the atmosphere. Animals appear 
to contain much less carbon and only account for about 1% of the amount 
accumulated in plants. 

Submerged water-plants absorb the C0 2 dissolved in water. Its amount varies 
considerably according to the temperature. At 15° C. a litre of water contains about 
as much C0 2 as a litre of atmospheric air. The dissolved bicarbonates which 
dissociate into carbonates and C0 2 also play an important part in the supply of 
carbon to aquatic plants. Artificially conducting carbonic acid through the water 
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or the addition of bicarbonates increases, to a certain degree, the evolution of 
oxygen, and the assimilatory activity. 

An increase in the proportion of C0 2 in the air, if it does not go 
too far, results in an increase in the assimilation. Thus by an 
artificial enrichment of the air in C0 2 , a considerable increase of the 
agricultural crop would be obtained. There is no doubt that the 
beneficial effect of natural farm manure as compared with mineral 
manures is dependent in part on the continued active C0 2 -production 
of the bacteria it contains ; these find the requisite organic food- 
materials in the soil, and the C0 2 they produce in respiration is 
given off to the atmosphere ( 47 ). 

The C0 2 assimilation, like all vital processes, is dependent on the 
temperature. It begins at a temperature a little above zero, reaches 
its maximum at about 37° C., and again stops at about 45° C. 

These cardinal points not only have different positions in different plants but 
do not remain constant for any particular plant. This is especially true of the 
optimum, which in the course of a few hours may sink from 37° C to 30° C. In bright 
w’arm weather assimilation does not reach its full possible value, since the supply of 
carbon dioxide is then insufficient. 

Other less important factors need not be considered in detail. It may be 
mentioned, however, that many substances can bring about a temporary, or 
ultimately a permanent, limitation or arrest of the assimilatory process. 

Till recently it was assumed, on the ground of Blackman’s work, that among 
the numerous factors which are simultaneously important in C0 2 -assirnilation, 
there was always one, viz., the one present in least amount, which detei mined the 
amount of assimilation (law of the minimum) Recent investigations ( 48 ) have, 
however, shown that sometimes an increase in the assimilation will result, both 
from increasing the intensity of the light and increasing the supply of carbon 
dioxide. Corresponding results have been obtained in the case of the nutrient 
salts, for which it was earlier held with Liebig that the law of the minimum held. 

Products of the Assimilation of Carbon Dioxide. — It was assumed 
above that sugar was formed from the carbon dioxide, and analysis 
in fact shows that the amount of sugar in a foliage leaf is increased 
after exposure to sunlight. It is true that grape-sugar is neither 
always nor only shown to be present ; usually other more complex 
carbohydrates appear. These can all, however, be traced back to 
hexoses like grape-sugar, and ultimately starch arises by the union of 
two or more molecules of hexose and the loss of the elements of water 
[ n C 6 H 12 0 6 = (C 6 H l0 O 5 ) n + ot H 2 0], The occurrence of starch in the 
chloroplasts of illuminated foliage leaves is very common, but by no 
means general. When the leaves are placed in darkness for some time 
the starch disappears. When on the other hand a part of the plant 
from which the starch has been removed is exposed to sunlight, new 
starch grains (assimilation starch) often form in the chloroplasts 
in a surprisingly short time (5 minutes) ; these soon increase in size 
and ultimately exceed in amount the substance of the chloroplast itself. 
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Si ace starch is stained blue by iodine the commencement of assimila- 
tion can be readily demonstrated macroscopically (Sachs’ method). 



Leaves which have been in the light have their green colour removed by means 
of alcohol, and are treated with a solution of iodine ; they take on a blue colour. 
If the amount of starch is greater the colour is a deeper blue or almost black. The 
depth, of the coloration thus affords a certain amount of information as to the 
quantity of starch present. To demonstrate smaller amounts of starch the 
decolorised leaves are placed, before staining with iodine, in a solution of potash or 
of chloral hydrate in order to swell the starch-grains. This method of demonstrat- 
ing assimilation can also be used to show that the starch only appears in the 
illuminated portions of the leaf. If a stencil of opaque material from which, for 
instance, the word “Starke ” has been cut is laid on the leaf, the word “Starke ” 
will appear blue on a light ground, 
as in Fig. 245, when the leaf after 
being illuminated is treated with 
iodine. Instead of a stencil a 
suitable photographic negative can 
be used, as Molisch has shown ; 
after illumination and subsequent 
treatment with iodine a positive 
photograph is obtained (Fig. 

246). 


Fio. ‘245. — Assimilation experiment 
with tin- hat of Jriojisi.s jwltafa. 
(Uudured.) 


[<:. *246.— The positive photograph obtained by cover 
ing a leaf of Tropatolum which has been freed of 
starch by the negative and exposing it to the sun. 
After assimilation the leaf has been treated with 
iodine. (After Molisch.) 


In some plants (many Monocotyledons) no starch is formed in the chloroplasts, 
but the products of assimilation pass in a dissolved state directly into the cell- 
sap. Starch is formed, however, where there is a surplus of the products of 
assimilation. The guard-cells of the stomata and the cells of the root-cap of these 
Monocotyledons also contain starch. In other cases only a fraction of the product 
of assimilation appears as starch (in lldianthus , for example, only £), while the 
rest remains as sugar or is otherwise made use of. It is thus clear that the amount 
of starch formed cannot always be l iken as a measure of the assimilation. 

Starch- formation can be induced [. > take place in the dark by floating leaves on 
a sugar solution ol suitable concentration. This shows that the formation of starch 
does not stand in direct connection with the assimilation of carbon dioxide but is 
only the result of the accumulation of sugar in the cell. 

In some algae neither sugar nor starch but other products of assimilation are 
formed, c.g. Floridean starch. 

The Quantity of the Assimilated Material depends on the one 
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hand upon the kind of plant and on the other upon the external 
conditions to which it has been exposed. It can be said that a square 
metre of leaf of an actively assimilating plant under optimal external 
conditions produces between 0*5 and 1 gramme of dry substance per 
hour. When it is considered how many square metres of leaf-surface 
are daily assimilating, a conception can be formed of the huge produc- 
tion of organic substance in this largest of all chemical factories. 
SchrOder estimates the amount formed annually by land-plants 
as about 35 billion kg. The German harvest alone contained in 1912 
some 9 milliards kilos of assimilated material in the cereals (rye, 
wheat, spelt, barley). 

There are two methods ( 49 ) in use for determining the amount of assimilation. 
The method invented by Sachs is as follows. In the morning, portions of 
leaves, usually halves, are removed ; their superficial area is measured and they 
are then dried and weighed. In the evening, equally large portions (the remaining 
halves) of the leaves which have been exposed to light throughout the day are 
similarly dried and weighed. The increase of weight indicates the gain to the 
plant by the assimilation of carbon. This is Sachs’ half-leaf method. A quite 
distinct method of quantitatively determining tho assimilation of C0 2 is that of 
Kreusler. A leaf still attached to the plant is placed in a closed chamber 
through which a constant current of air passes ; the amount of C0 2 removed 
from the air by the leaf is determined. The amount of sugar or starch which 
could be formed from this amount of C0 2 can then bo easily calculated. 

B. Assimilation of Nitrogen in the Green Plant 

Since a green plant obtains its carbon from carbon dioxide, which 
is only present in a very small proportion in the air, it might be 
assumed that the enormous supply of nitrogen in the air would form 
the primary and the best source of this element of plant-food. 
Every water-culture, however, shows clearly that atmospheric nitrogen 
cannot be utilised by the typical green plant. If combined nitrogen 
is omitted from the nutrient solution the plant will not grow. 

In Knop’s food-solution nitrogen was supplied as a nitrate, 
and this form is most suitable for the higher plants. Nitrites can 
also serve as a source of nitrogen, but in too high concentrations 
are injurious. Compounds of ammonia, e.g . ammonium sulphate, 
ammonium chloride, so long as they are not injurious to the plant 
owing to an alkaline reaction, e.g. ammonium carbonate, can also be 
utilised. Organic compounds of nitrogen also, such as amino-acids, acid 
amines, amines, etc., will serve for food, though none of them lead to 
such good results as are obtained with nitrates. 

We are not nearly so well acquainted with the assimilation of 
nitric acid and of ammonia as we are with that of carbon dioxide. 
We do not know accurately the place in which the assimilation 
takes place, we know less of the contributory external conditions, 
and lastly, we are not clear as to the products of assimilation. 
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Ultimately, of course, albumin is formed, a far more complex substance 
than a carbohydrate, containing always, besides C, H, and 0, some 
15-19 per cent of N, besides S and in some cases P. The methodical 
study of the products of the breaking down of albumin gives some 
insight into the structure of the protein molecule. This shows that 
in albumin a large number of amino-acids are combined with loss of 
water. Since Emil Fischer has obtained albuminous substances 
(polypeptides) by a union of amino-acids followed by polymerisation, 
it is probable that in the plant also such amino-acids are first 
formed and then unite further. If the simplest amino-acid, glycocoll, 
NH 2 *CH 2 *COOH (which, it is true, is not of wide occurrence in 
plants), is considered, it is evident that this can be derived from acetic 
acid C1I 3 * COOH by replacing an atom of H with a NH 2 group (the 
amino group). Nitric acid, HN0 3 , must therefore be reduced when its 
nitrogen is to be employed in the construction of protein. This reduction 
is independent both of sunlight and chlorophyll, so that nitric acid can 
be assimilated in darkness and in colourless parts of the plant ( 50 ). 
Indirectly, of course, chlorophyll and light are of importance in the 
synthesis of proteins in so far as compounds containing carbon are 
required, and these are formed in sunlight with the help of chlorophyll. 
On account of their rich supply of carbohydrates the foliage leaves 
are specially fitted for the production of protein, but they are not 
“ organs of protein formation ” in the same degree as they are organs 
for the formation of carbohydrates. While in many plants (nitrate 
plants, e.g. Chenopodium , Amarantus y Urtica ) nitric acid can be recognised 
in the leaves, in most plants it appears to be transformed soon after 
its absorption by the root. 

We know as little of the steps in the assimilation of ammonia as 
of those of nitric acid. Since no preliminary reduction is required, 
ammonia might be regarded as more readily assimilable than nitric 
acid. When ammonia is found to be less favourable in a water- 
culture than nitrates, this may be due to certain subsidiary harmful 
effects of the former substance. 

The hypothetical intermediate products between the nitrogenous 
compounds absorbed and the completed proteids, i.e. various amino- 
acids and related substances, are present in all parts of the plant. 
Leucine, tyrosine, and asparagine are especially common. It can, 
however, rarely be determined whether these substances have been 
synthesised from ammonia or nitric acid or whether they have arisen 
by the breaking down of albumin (cf. p. 255) ( f>1 ). 

Nitrogen is present not only in proteins but in lecithins and in organic bases. 
Tli 9 former are complex esters in which glycerine is combined with two molecules 
of fatty acid, one molecule of phosphoric acid, and the nitrogen-containing base, 
choline. They are never absent fiom living protoplasm. The majority of organic 
bases (alkaloids) are probably by-products of the assimilation of nitrogen and are 
not further utilised. 
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C '. Assimilation of other Substances in Green Plants 

Sulphuric acid most nearly resembles nitrogen since it also is used 
in the construction of proteins which contain about per cent 

of S. It is still uncertain where and under what conditions its 
assimilation occurs ; we only know that a reduction must take place 
in the process. In some plants sulphur is combined in other 
substances besides proteins. 

Phosphoric acid is connected with sulphuric acid in so far as it 
is employed in the construction of at least some protein substances, 
(nucleo-albumin) and especially of the nucleo-protein of the cell nuclei ; it 
forms from 0*3 to 3 per cent of this. In entering into the molecule of this 
substance the phosphoric acid, unlike sulphuric acid, is not reduced. 
Lecithin, which is present in all plants, also contains phosphorus, and 
this is also the case for pliytin, which occurs especially in seeds. 

The Metals. — As may be shown by the method of water-culture, 
potassium, calcium, magnesium, and iron are just as essential as any 
of the substances hitherto mentioned. It is very probable, at least 
for potassium and magnesium, that they take part in the construction 
of certain compounds that are essential for the existence of the plant. 
Possibly protoplasm contains these elements. Other substances also 
may contain them ; thus, for instance, a considerable amount of 
magnesium has been shown to exist in chlorophyll. It was formerly 
believed that chlorophyll contained iron because the chloroplasts 
remained yellow when iron was omitted from the food-solution 
(chlorosis, p. 212). It is now known that chlorophyll does not contain 
iron and that iron is also necessary for plants that are not green. This 
supports the assumption that protoplasm itself contains iron, and that 
the chlorosis which occurs when iron is wanting is a result of a 
diseased condition of the protoplasm. 

Since potassium, magnesium, and iron thus pass into the substance 
of the plant they must be assimilated, but we know nothing of how 
or where this happens. The case of calcium is somewhat different ; 
it is not invariably essential, for some algae can succeed without it. 
In other plants it has a protective function, preventing the poisonous 
effects which result from iron, magnesium, potassium, and sodium, and 
also from phosphoric acid, sulphuric acid, nitric acid, and hydrochloric 
acid, perhaps owing to their action on the colloids of the plant. 
Oxalic acid, which exerts a poisonous action on the protoplasm, is 
produced in the construction of amino-acids ; calcium neutralises this 
by transforming it into the insoluble and harmless calcium oxalate. 
It is, however, improbable that the indispensability of calcium in the 
case of the higher plants is merely due to this protective function. 

Water. — We know that water is essential to the plant. When it 
is taken into the plant as water without undergoing chemical change 
we do not speak of its “ assimilation.” This is the case, for example, 
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for the water which fills the vacuoles of cells or that which permeates 
the protoplasm and cell-wall. It is different where the water is 
chemically combined. This necessarily takes place when carbohydrates 
are formed from carbon dioxide, and probably in other cases also. 
In those cases there is the same justification for speaking of the 
assimilation of the water as of the assimilation of carbon dioxide. 


VI. Translocation and Transformation of Assimilates 
in Green Plants 

The assimilates serve primarily for the construction of new 
substance of the plant and the growth of new cells. They are also 
employed as reserve materials and as substances in course of trans- 
location, while some are used up in the metabolism and others in the 
production of excretions and secretions. 

It is only rarely, however, that growth takes place where the work 
of assimilation is effected. Thus the assimilation of carbon dioxide goes 
on mainly in fully-grown foliage leaves while the growing points are 
more or less distant from the leaves. The assimilatory activity and 
the formation of new organs also do not coincide in time. Many 
plants have periods of active assimilation when but little growth is 
taking place and, alternating with these, periods of active growth 
associated with little or no assimilatory activity. Our trees lose their 
leaves in autumn and herbaceous plants lose all the above-ground 
organs. In both cases new organs of assimilation must be formed in 
spring before assimilation can be resumed ; in the growth of these 
organs the plant utilises stored assimilates. Every germinating seed- 
ling also lives at first wholly at the expense of assimilates of a preced- 
ing generation. Such stored -up assimilates, mainly carbohydrates, 
fats, and proteids, are termed reserve materials. They may 
be deposited where they are formed or may be carried to 
secondary places of deposit. Every foliage leaf which in the 
evening of a bright summer’s day is gorged with starch is an 
illustration of the first condition. The second is seen in seeds where 
reserve materials are stored in the endosperm or the cotyledons. It 
is also found in vegetative organs, which may even show by their form 
that they are places for storage of reserve materials; examples of 
these are the swollen leaves of bulbs, swollen stems (c.g. potato), or 
swollen roots ( e.g . turnip). In order that assimilates should reach 
these storage places they must be capable of translocation, and they 
have also to be conveyed through the plant when they are removed 
from the place of storage and employed in the development of new 
organs. Many reserve materials or assimilates occur in a solid form 
which does not allow them to pass from cell to cell ; starch is an 
example of this. Others are, it is true, soluble, but have such large 
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molecules that they only diffuse with difficulty. For these reasons 
reserve substances have usually to undergo a change before they can 
be conveyed through the plant. 

A . Mobilisation of Reserve Materials 

In the mobilisation of reserve materials we have usually a not very 
profound change of the nature of a hydrolysis, i.e. a splitting of the 
substance into smaller molecules with the absorption of water. 
This must be separately considered for the three main types of 
reserve material, the carbohydrates, the fats, and the albuminous 
substances. 


1. Carbohydrates 

Starch is one of the most important reserve materials in 
plants. It not infrequently forms the main part of the reserve 
substance in seeds as well as in tubers and bulbs. In the potato 
tuber 25 per cent and in the grain of wheat 75 per cent of the 
fresh weight consists of starch. It is also present in considerable 
amounts in the pith, the xylem -parenchyma, the medullary rays, and 
the rind of trees. Starch is completely insoluble and has to be broken 
down in order to allow of its translocation. This is effected technically 
by treatment with acids ; the grape-sugar of commerce is obtained 
by treating potato-starch with sulphuric acid. The molecule of starch 
is split up into numerous molecules of dextrose according to the formula 

(G 6 Hi 0 O 6 ) n + nH 2 0 = ftC 6 H 12 0 6 . 

In the plant this hydrolysis is effected not by means of acids but by 
a special substance called diastase. Diastase can be extracted from 
the organs by water or glycerine, precipitated by means of alcohol 
from the extract and again dissolved, without any essential change 
in its properties. On the other hand, diastase is rendered inactive 
by heating. 

Diastase has the same effect on starch as sulphuric acid has ; it 
does not break down the starch as completely but stops after forming 
the disaccharide malt sugar (maltose). Diastase and sulphuric acid 
both act as catalysts. The name catalysts is given to substances which 
influence the rapidity of a chemical reaction. We are mainly concerned 
with the acceleration of reactions. The usual method in the chemical 
laboratory of accelerating a reaction is the application of heat ; the 
fact that the life of the organism is confined to a narrow range of 
temperature limits this method. A second method is by the use of 
inorganic catalysts. Many of these, such as sulphuric acid mentioned 
above, injure the protoplasm ; it is thus easy to understand why the 
organism should form special catalysts that are not injurious. These 
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are termed enzymes ( 52 ) and occur in both plants and animals. While 
many inorganic catalysts influence very various chemical processes, the 
influence of organic catalysts is usually quite specific ; thus diastase 
only acts on starch. Since the catalyst either does not enter into the 
reaction or at least does not do so permanently, a small amount of it 
is able to hydrolyse a large quantity of the substance acted on, if 
the products of the reaction are continually removed. The chemical 
nature of diastase and other enzymes is still doubtful ( 53 ). 

Diastase is found in many parts of the plant, especially in those 
which contain much starch, such as foliage leaves and germinating 
seeds. The amount of diastase in an organ is not constant, but is 
regulated according to the needs of the plant ; further, its action 
can be arrested by the formation of other enzymes (anti-enzymes). 
This is one of the many 
regulatory processes so charac- 
teristic of the organism. 

In the plant diastase acts 
on the starch-grains. These 
are corroded under its influ- 
ence ; they are dissolved away 
from without inwards, but 
this proceeds as a rule irregu- 
larly, so that the shape of the 
grain changes. At particular 
spots the diastase eats more 
quickly into the grain and, 
using pre-existing splits and 
canals, breaks it up into 
smaller portions which then 
dissolve further (Fig. 247). Outside the plant the action of 
diastase can best be shown on thin starch-paste (cf. p. 33) ; on 
adding diastase to this the characteristic iodine reaction is lost after 
a few minutes or a quarter of an hour. The blue colour given at first, 
changes to a wine-red tint, and ultimately a yellow colour is given. 

Cellulose is also of frequent occurrence as a reserve substance ( 54 ). 
In the endosperm of many seeds the cell- walls are very strongly thickened 
and the thickening layers, which consist of hemicelluloses, are dissolved 
in the process of germination. Such thickened walls are beautifully 
shown in many palm seeds, e.g . in the Vegetable Ivory Palm. The 
solution of the thickening is due to an enzyme, the so-called cytase, 
which, however, does not act on every variety of cellulose. Typical 
cellulose (p. 35) is not attacked by it, but is acted on by another 
enzyme, cellulase. 

Inulin, which is found especially in Compositae and Campanulaceae, 
originates in the same way from fructose as starch does from maltose ( 54 ), 
but is distinguished from starch by always occurring in plants in the 
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Fig. 247.— Different stages of the corrosion shown by 
the starch -grain 8 of germinating Barley. (After Noll.) 
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dissolved form. In spite of this it is incapable of translocation on 
account of the size of its molecule, and is broken down on germination 
by an enzyme (inulase) into fructose. 

Cane Sugar is stored in quantity as a reserve substance, for 
example in the sugar-cane and sugar-beet. It is converted by the 
widely-spread enzyme “ invertase ” or saccharase into equal parts of 
dextrose and levulose. 


2. The Fats 

Though we are unable to manufacture the reserve carbohydrates 
mentioned either from dextrose or levulose, we can understand that 
it is as easy for the plant to build them up as to break them 
down. It is much more difficult to understand in what way the 
plant is able to form fats (glycerol esters of various fatty acids ; 
cf. p. 28) from carbohydrates. Fats are always present in living 
protoplasm. They occur in relatively large amounts as reserve 
materials, but not in the assimilating foliage leaves. They occur 
in large amount in many ripe seeds, where they are formed at 
the expense of carbohydrates. At germination they are decomposed 
by the enzyme lipase into fatty acids and glycerol. The fatty acid 
is capable of passing through the water-saturated cell-wall more readily 
than the fat, but does not usually travel as such for any considerable 
distance in the plant ; it is usually quickly converted into a carbo- 
hydrate ( 54a ). 


3. Albuminous Substances 

Albumin occurs in the storage places for reserve materials partly 
dissolved and partly in a crystalline or an amorphous form. The 
crystals occur free in the cytoplasm, nucleus, or in the chromato- 
phores (cf. Fig. 27 B, hr) ; in seeds they are found especially in the 
aleurone grains, where they are associated with globoids (cf. p. 29). 

The products of the hydrolytic breaking down of albuminous 
substances are mainly amino-acids, the wide distribution of which in 
the plant has already been referred to. When seeds rich in protein 
such as Ricinus , Pinus , etc., are germinating, the abundant amino- 
acids may be regarded as derived from the protein. Amino-acids 
occurring in other situations may have arisen in the synthesis of 
proteins. The protein-molecule does not produce at once or ex- 
clusively amino-acids ; the breaking down of the very large molecule 
is a gradual one, in which the bodies which appear first have many 
properties in common with proteins ; first comes albumose, then 
peptone, and only then amino-acids. With the latter appear ammonia, 
also products of decomposition containing sulphur and phosphorus, 
and generally carbohydrates also. 

This hydrolytic breaking down of proteins takes place under the 
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influence of “ proteolytic ” enzymes (proteases) which very probably 
are closely similar to corresponding enzymes in the animal body. We 
should therefore have to distinguish : 

1. Pepsin, which only breaks down the protein molecule to 
albumoses and peptone. 

2. Erepsin, which transforms peptone into amino-acids. 

3. Trypsin, which transforms proteins directly into amino-acids. 

4. Amidase, which splits ammonia from amino-acids. 

The decomposition products of albumin quickly undergo changes in the plant, 
and therefore the mixture of nitrogenous organic compounds which one obtains 
from a plant kept in the dark is not identical with the products of the hydrolysis 
of albumin outside the plant. In the plant syntheses take place after the primary 
decomposition, and these lead to the formation of such substances as amides, the 
most widely spread of which is asparagine. This dominates in Gramineae and 
Leguminosae (15 g. are present in a litre of sap from bean seedlings) ; it is 
replaced in Cruciferae and Cucurbitaceao by glutamin, while in the Coni ferae 
a di-amino-acid (arginin) appears to play the same part. Such syntheses 
mainly serve to avoid the presence of poisonous ammonia ( 51 ). The formation of 
amides in plants thus corresponds to a certain extent with that of urea in animals. 
Asparagine and urea both represent ammonia in a non-poisonous form. The animal 
which readily obtains nitrogen in its food without expenditure of energy can afford 
to continually excrete it. On the other hand the plant which only assimilates 
nitrogen with difficulty preserves the asparagine for future use. The syntheses 
proceed still farther in light, when protein may again be formed from the products 
of decomposition of albumin. 


B, Transport of the Mobilised Reserve Materials 

When the reserve materials have been brought by the aid of the 
proper enzymes into the soluble form, or have been transformed into 
substances with smaller molecules, they fire capable of being 
transported ; we may speak of them as being mobilised. Their 
movements are governed by the general principles of translocation of 
substances. It is especially necessary that a diffusion current should 
be established and maintained. This may be brought about by the 
active growth of cells at a greater or less distance from the place of 
storage of the reserve material. As long as this lasts each mole- 
cule on its arrival at the place of growth is promptly transformed (e.g. 
sugar into cellulose), and thus room is made for the molecules that 
follow. In non- growing organs also (e.g. cotyledons, endosperm) a 
gradient of diffusion is established by the cells to which the current 
passes having a greater power of condensing the sugar (forming 
starch) than the others. A diffusion current can also be artificially 
established where a storage structure under proper conditions is 
placed in relation on one side with a large amount of water. It is thus 
possible to bring about artificially an emptying of seeds, bulbs, etc. 

All movements of diffusion proceed slowly. For example, a milli- 
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gramme of Na Cl requires at least a year in order to diffuse from a 10 
per cent solution to a distance of 1 metre. The same amount of cane 
sugar would take 2| years, and other substances diffuse still more 
slowly. Thus, when substances have to be transported for considerable 
distances, the movement of diffusion, since it goes on so slowly, is 
replaced by movement in mass. In spring the reserve materials 
deposited in the wood of our trees are carried up by the ascending 
current of water in the vessels ; at this season the fluid in the vessels 
contains abundant glucose. In the other direction a stream of mobilised 
reserve material can pass downwards from the foliage leaves by way 
of the sieve-tubes. While, however, the mechanical causes of the 
transpiration stream are at least partially understood, so far as they 
depend upon the evaporation of water, we do not know the forces 
concerned in movements in mass in the sieve-tubes ( 56 ). 

Another example of translocation is aiforded by leaves before they are shed. 
Shortly before the leaf-fall the leaves turn yellow ; while the green pigments of the 
chlorophyll are dissolved and carried away, the yellow pigments remain in the 
chloroplasts. In many but not all cases the useful materials in the leaf are trans- 
ferred to the stem and thus are not lost to the plant. Phosphoric acid, potassium, 
and nitrogenous substances are thus transferred to the stem, but the cell- walls, a 
protoplasmic layer, and osmotically-active substances in the vacuole remain so that 
the leaf falls in a turgescent condition ( 56 ). 


C. Further Metamorphoses of Substance 

Regeneration of Reserve Materials. — Sooner or later the reserve 
materials mobilised by the help of enzymes are again converted into 
substances with large molecules. This occurs at any rate at the end 
of their transport, whether they are again deposited as reserve 
materials or are employed as constructive substances. Thus, for 
example, glucose formed in a leaf may pass to a seed or a tuber and 
be there transformed into starch or cell-wall. When the transport 
is for a considerable distance the formation of reserve material may 
go on by the way and not only at the end of the journey. This is 
specially well seen in the case of starch. Along the routes of sugar- 
transport so-called transitory starch may be formed in every cell. 
This starch-formation diminishes the concentration of the solution, 
and thus helps to maintain the continued motion of the diffusion 
current ( 66a ). 

Other Products of Metabolism ( 57 ). — Only a small proportion of 
the substances met with in plants have been enumerated above. It 
will be sufficient to mention here the organic acids, tannins, glucosides, 
alkaloids, colouring matters, ethereal oils, resins, gum-resins, caoutchouc 
and gutta-percha among the legion of substances which are derived 
from the products of assimilation. The organic acids will be referred 
to later (p. 266); the origin and physiological significance of the 
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others are too little known for them to be dealt with. It is known 
that as a rule they are not further utilised after their formation. They 
are probably, therefore, by-products and end-products of the metabolism 
of the plant. 

They need not, however, for this reason be useless, and it is believed that some 
bitter or poisonous substances protect the plant from being eaten by animals ; some 
pigments are of use in the attraction of animals which distribute pollen, seeds, and 
fruits, or frighten away injurious animals (warning colours). Resin and latex 
when they exude and harden may assist in the closing of wounds. 

The Ripening of Succulent Fruits. — A striking transformation of substances 
takes place in the ripening of succulent fruits. The change of starch into sugar 
associated with the disappearance of organic acids and tannins is of frequent 
occurrence. The fruits thus become sweet-tasted instead of acid or bitter, and 
are eaten by animals which distribute the seeds. The significance of these 
chemical changes is thus ecological. 


VII. Heterotrophic Nutrition 

The considerations in the preceding pages have had reference to 
the green plant, which forms the organic substances required for its 
construction and metabolism from purely inorganic materials. Such 
plants are termed AUTOTROPHIC. In contrast to them are those plants 
which require organic nutrient materials and are therefore dependent 
in their nutrition on the activity of other organisms (cf. pp. 156, 178) ; 
these are termed heterotrophic plants. 

The metabolism of heterotrophic plants is in general respects not 
essentially different from that of autotrophic plants. This is evident 
when it is considered that many of the cells of the latter have 
“ heterotrophic ” nutrition. The entire root-system in the soil, for 
instance, is unable to construct carbohydrates but must obtain them 
from the green subaerial portions of the plant. It is indeed only the 
green parts of the above-ground organs which can assimilate the 
carbon dioxide of the air, and the colourless portions are dependent 
on them. When a plant as a whole has assumed a heterotrophic mode 
of nutrition, this implies a loss of certain nutritive functions but not a 
new kind of metabolism. It has been pointed out in the morphological 
section (p. 178) how these functional changes find expression in the 
external form of heterotrophic plants. 

Heterotrophic plants are distinguished as saprophytes and parasites 
according to the source of their organic nutrient materials. The former 
live on dead organic material, while parasites obtain their food from 
living organisms. 

Saprophytes. — The demands which heterotrophic plants make on 
sources of carbon and nitrogen can be best studied in saprophytic 
bacteria and fungi. These organisms can be cultivated on various 
complex substrata, and conclusions can be drawn from their growth as 
to the nutritive value of the compounds supplied as food. In order 

s 
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first to ascertain the sources of carbon the nutrient solution must 
contain, in addition to the indispensable mineral substances, a 
source of nitrogen, usually ammonium nitrate ; to this various sources 
of carbon can be added. It should have a slightly acid reaction for 
mould fungi and be weakly alkaline or neutral for bacteria; such cultures 
show that sugars are very good food-materials. The sugar can, in 
many cases, be more or less suitably replaced by other organic substances 
such as other carbohydrates, certain alcohols, fats, albumin and derived 
substances, organic acids, etc. While these sources of carbon can 
be placed in order as regards their nutritive value for any particular 
organism, this cannot be done generally ; there are many saprophytes 
which are adapted to quite peculiar conditions and use in preference, 
as a source of their carbon supply, compounds which for the majority 
of other plants have scarcely any nutritive value ( e.g . formic acid, 
carbonic acid, oxalic acid). 

Even the saprophytes which succeed on very various compounds of carbon 
(omnivorous saprophytes) are capable of distinguishing between them. Thus from 
ordinary tartaric acid Penicillium only utilises the dextro-rotatory form, and certain 
bacteria only the laevo-rotatory form. Aspergillus growing in a mixture of glucose 
and glycerol utilises the former first (“selection” of nutritive materials). If the 
glycerol alone is given, it is completely utilised. 

As regards the nitrogenous food supply the facts are not so clear 
as for the carbon compounds. Culture experiments have shown that 
some saprophytes prefer this in the form of nitric acid ; as a rule, 
however, ammonium salts afford the best inorganic source of nitrogen. 
It is often stated that some fungi will not succeed with such relatively 
simple nitrogenous compounds, or at least that they construct the 
nitrogenous substances of their bodies with greater ease and certainty 
from organic compounds of nitrogen. Since, however, there are many 
sources of error in such investigations that have to be considered, the 
whole question requires re-examination ( 58 ). 

Most heterotrophic plants have cells limited by firm walls, and can 
only absorb substances in solution. Since these are only rarely 
available for them under natural conditions the power which many of 
these plants possess of excreting enzymes which can render solid food- 
materials soluble, is of great importance. If, for example, a mould- 
fungus is grown on starch-paste it will excrete diastase, which acts on 
the starch outside the cell and converts it into sugar which can then 
be absorbed. 

The various fungi and bacteria have quite specific enzymes. Most of them 
cannot attack the resistant cellulose, but certain bacteria can secrete enzymes which 
break it down and so can use cellulose as their most appropriate food- material. 

Such requirements explain many of the far-reaching decompositions 
which various organic substances undergo in the decompositions and 
putrefactions brought about by saprophytes. These generally distri- 
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buted biochemical processes can be regarded as digestive processes, 
corresponding to those that take place in the intestines of animals. 

Parasites. — Phanerogamic plants such as Rafflcsia and Cascuta 
which have been described on pp. 178 ff. are completely heterotrophic. 
In their metabolism they behave as do the colourless cells and tissues 
of their host-plants ; they obtain organic compounds from the leaves 
of the host and also derive their nutrient salts from the roots of the 
latter. 

The heterotrophy is not always, as in these cases, complete. Fre- 
quently it applies to only one of the two main syntheses in metabolism. 
Thus some heterotrophic Phanerogams can construct their organic 
carbon-compounds in the normal fashion from carbon dioxide, while 
they are heterotrophic as regards their nitrogenous requirements. The 
converse case is frequently met with. 

There are certain micro-organisms which are strikingly autotrophic 
as regards nitrogen, while they are heterotrophic as regards their 
carbon assimilation. These organisms are able to utilise the nitrogen 
of the atmosphere. Their existence was first established at the end of 
last century by the work especially of Winogradsky, Hellriegel, and 
WlLFARTH ( 59 ). 

In the first place there are certain Bacteria, such as Clostridium 
Pasteurianum and related forms and Azotobacter chroococcum , which live 
independently in cultivated soil and in water under very various 
external conditions. They fix free nitrogen and thus possess a 
very important power both for their own success and for that 
of many other organisms ; this property is of the greatest importance 
in agriculture. An increasing number of the lower Fungi have been 
shown by recent researches to have the same power though in less 
degree. In addition to these free-living forms there are micro-organisms 
which occur within higher plants and have the same property. The 
best investigated among these are the various forms of Bacillus radicicola , 
which infest the roots of Leguminosae and frequently give rise to 
enormous numbers of gall-like tubercles upon them (Figs. 248, 249). 
This appears to be a case of mutualistic parasitism, a living together 
of organisms to their mutual benefit, such as was termed by De Bary 
symbiosis. The Leguminosae thus appear to differ from all other 
green plants in their mode of accumulating nitrogen (°°) ; this was 
first established by Gilbert and Lawes in England and Schultz- 
Lupitz in Germany. 

The rod-shaped bacteria penetrate through the root-hairs into the cortex of the 
roots, and there give rise to the tubercles. These tubercles become filled with 
a bacterial mass, consisting principally of swollen and abnormally-developed 
(hypertrophied) bacterioids, but in part also of bacteria which have remained 
in their normal condition. While the bacteria live on carbohydrates and at first 
also on albuminous substances supplied by the host plant, the latter profits by 
the power of fixing free nitrogen possessed by the bacterioids. The bacterioids 
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furnish a steady supply of combined nitrogenous substance to the leguminous 
plant. It has been calculated that Lupins are able in this way to obtain 200 kg. 
of nitrogen per hectare. The agricultural importance of this natural fixation of 
nitrogen will be evident. It 
has been attempted to 
further it by infecting fields 
with soil rich in the bacteria 
or with pure cultures of 
specially active forms. A 
marked increase in the crop 


Fig. 248.— A root of Vida Faba, 
with numerous root- tubercles. 
(Reduced. After Noll.) 


Fig. 249.— 1, Young tubercles (K) on a root (It") of Vida Faba ; 
B, large-celled tissue filled with masses of bacteria ; Af, the 
“meristem” of this ; T , tracheides. (x 60.) 2, A cell of 
the tubercle filled with thousands of bacteria, and beside 
it some uninfected cells, (x 320.) 3 , An infected root- 
hair containing the “ infection thread.” (x 320.) 4, Bacteri- 
oids. 5 y Unaltered bacteria, (x 1200. After Noll.) 


of Serradella is obtained in this way. If the soil in which a leguminous plant is 
grown contains a sufficiency of nitrates, the plants may live at their expense ; since 
the presence of nitrates exerts an injurious influence on Bacillus radicicola f 
practically no nodules are formed under such circumstances. 

Root-nodules are regularly produced, owing to infection by lower organisms, in 
Alnus , Elaeagnus and Casuctrina. Elaeagnus and Alnus are able to assimilate the 
free nitrogen of the atmosphere when their roots are thus provided with nodules. 
Podocarpus has the same power, but in this case there is an association of a fungus 
with the root, a mycorrhiza ( 61 ). 
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A mycorrhiza is met with in many plants, especially those that live in woods 
and heaths. The two extreme forms, between which intermediates exist, are termed 



Fin. 250.— 1. Longitudinal section through the root- tip of Pinus sylvestris , with ectotrophic 
mycorrhiza (magnified). 2. Part of Fig. 1, more highly magnified, showing hyphae from the 
external covering of fungus penetrating between the cells of the root. 3. Longitudinal section of 
the root-tip of Neottia. The three layers of cells will, dark contents are those inhabited by fungal 
hyphae (endotrophic mycorrhiza) (magnified). 4. Fait of Fig. 3 more highly magnified, showing 
details of the fungus. The middle layer inhabited by fungus consists of host cells in which the 
fungus survives ; m the outer and inner layers the fungus is digested. (After Werner Magnus, 
from Kny, Wandtafeln). 

ectotrophic and ENDOTRorHic mycorrhiza. In the former (Fig. 250, 1,2) the root 
has a covering of fungal hyphae which extends over the growing point ; this occurs 
in many trees and in Monotropa. The fungus in the case of endotrophic mycorrhiza 
(Fig. 250, 3, 4) inhabits the colls of certain layers of the root, and only sends out 
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isolated hyphae into the soil (Orchidaceae, Ericaceae, many Liliaceae). The fungus 
of endotrophic mycorrhiza is in part digested by the cells of the root, and the 
materials thus obtained from it are available for the host plant. Though it is not 
established with certainty that the fungus can fix free nitrogen, the endotrophic 
mycorrhiza is to a certain extent explained. It is also known to be in some cases 
indispensable ; thus, when the fungus is wanting, germination frequently does not 
take place in Orchidaceae, and in Ericaceae the further development of the seedling 
is arrested. The relations between the plant and ectotrophic mycorrhiza are not 
so clear ; there are several unconnected explanations. According to one the fungus 
is a pure, harmful parasite, while according to another the flowering plant is 
parasitic on the fungus. A third view assumes a true symbiosis between the two 
organisms, and represents, following Stahl, the connection between the two in 
the following way. The fungus absorbs nutrient salts energetically from the soil 
and supplies the autotrophic plant with them ; in return this supplies the fungus 
with organic food. Since, however, an ectotrophic mycorrhiza occurs in certain 
colourless Phanerogams ( e.g . Monotropa), there must, in these cases at least, be a 
parasitism of the flowering plant on the fungus. The same holds for the non- 
green Orchids that contain endotrophic mycorrhiza ( Neottia , Coral liorhiza, Epi- 
pogon) ; these plants are not living saprophytically on the humus, but are evidently 
dependent on the mycorrhiza fungus for their nutrition. 

The communal life of Algae and Fungi which is found in the case of Lichens 
evidently comes under the third of the explanations suggested for ectotropic 
mycorrhiza (•*). 

More recently, swellings which are due to infection by bacteria have been dis- 
covered in the leaves of tropical plants belonging to the Rubiaeeae and Myrsinaceae. 
While, however, in the case of the Leguminosae the infection always depends on 
accidental meeting of the bacteria and the flowering plant, in these families the 
bacteria are present in the embryo of the plant. When they are artificially kept 
from the egg-cell the development of Ardisia is abnormal. It is established, 
at least in the case of the Rubiaeeae, that an assimilation of free nitrogen takes 
place C 63 ). 

Semi-parasites. — The last-mentioned heterotrophic plants lead to 
the consideration of others which, while possessing green leaves 
rendering them capable of active assimilation, have special organs 
to obtain nitrogenous organic materials ( 64 ). Our native Mistletoe, 
which lives on trees, and many exotic Loranthaceae, have well- 
developed leaves so abundantly provided with chlorophyll that they 
suffice to supply all the carbohydrates needed ; these plants, how- 
ever, obtain water and nutrient salts from the host plant. In corre- 
spondence with this their root-system is reduced. 

Other plants can only develop normally when their root-system is connected to 
that of other plants by means of haustoria. This is the way in which Thcsium 
(Santalaceae) and many Rhinanthaceae live. It is not yet known in what form 
they obtain their nutrient salts from the host-plant. 

Insectivorous Plants. — The so-called insectivorous or carni- 
vorous plants must be referred to here ( 65 ) (cf . p. 1 7 5 f ). These are 
plants provided with arrangements for the capture and retention of 
small animals, especially insects, and for the subsequent solution, 
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digestion, and absorption of the captured animals by means of enzymes. 
All these insectivorous plants are provided with chlorophyll ; the 
explanation of their peculiar mode of life can hardly be tp obtain 
organic compounds of carbon. It is further known that they can 
succeed without animal food, but the moderate supply of an animal 
substance has a distinctly beneficial effect, manifested in increased 
production of fruits and seeds. It is very probable, though by no 
means established, that the carnivorous habit is a means of obtaining 
nitrogen. Whether the nitrogen in the peat or water in which in- 
sectivorous plants often grow is insufficient in quantity, or whether 
its quality is not optimal, must be left undetermined. It is doubtless 
possible that organically-combined nitrogen is Specially advantageous 
to these plants. This does not exclude the possibility that the insecti- 
vorous habit is related not only to the supply of nitrogen, but to 
that of other nutrient salts, especially of potassium and phosphoric 
acid. Whether these salts are utilised in organic combinations or are 
transformed in the digestive process to the inorganic form is unknown. 
In the latter case the use of the insectivorous habit would have to 
be sought in the provision of a larger supply of nutrient salts than is 
afforded by the soil. 

The insectivorous plants strike the ordinary observer as deviating 
from ordinary plants in the direction of the animal kingdom. Like 
animals they utilise solid food which has to be rendered fluid by 
enzymes before it is absorbed into the cells. The similarity between 
animals and these plants appears to be increased by a comparison with 
the stomach of the pitchers, etc., of some insectivorous plants. It 
should be recognised, however, that some Fungi and Bacteria stand 
physiologically closer to animals. They can obtain all their food by 
the digestion of solid organic material, while the insectivorous plants 
are autotrophic, at least as regards their supply of carbon. 

VIII. Respiration and Fermentation 

In the higher plants all the organic substance produced in 
assimilation is not used for purposes of construction and storage; 
a part of it is always broken down and returns to the state of 
inorganic compounds. Along with assimilation there is always dis- 
similation. The significance of this process, which is usually associated 
with the absorption of oxygen and is termed respiration, does not lie 
in the substances formed but in the liberation of energy which is 
essential for the life of the plant. In certain lower plants the neces- 
sary supply of free energy may sometimes be obtained in other ways ; 
usually organic substances are absorbed from the substratum and 
broken down without being first assimilated. The decomposition 
may be effected by oxidation, reduction, or dissociation ; all these pro- 
cesses are grouped together as fermentation. Other lower organisms 
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can utilise the energy set free in the oxidation of certain inorganic 
compounds. Transitional forms occur between the various methods 
of obtaining the necessary energy. 

A . Respiration 

By respiration in its typical form is understood the oxidation of 
organic material to carbon dioxide and water; this involves the 
absorption of oxygen from without (cf. p. 237). 

In the higher animals the process of respiration is so evident as 
not easily to escape notice, but the fact that plants breathe is not at 
once so apparent. Just as the method of the nutrition of green plants 
was only discovered by experiment, so it also required carefully- 
conducted experimental investigation to demonstrate that plants 
also must breathe in order to live; that, like animals, they 
take up oxygen and give off carbonic acid. The question had already 
been thoroughly investigated by Saussure, and by Dutrochet in 
the years 1822 to 1837, and its essential features correctly interpreted. 
Later the existence of respiration in plants was doubted, owing to 
the demonstration of their power of decomposing carbon dioxide and 
giving off oxygen ; it seemed impossible that both processes could go 
on at the same time. The correct view was then formulated by 
Sachs. Assimilation and respiration are two distinct vital 

PROCESSES CARRIED ON INDEPENDENTLY BY PLANTS. WHILE IN THE 
PROCESS OF ASSIMILATION GREEN PLANTS ALONE, AND ONLY IN THE 
LIGHT, DECOMPOSE CARBONIC ACID AND GIVE OFF OXYGEN, ALL PLANT 
ORGANS, WITHOUT EXCEPTION, BOTH BY DAY AND BY NIGHT, TAKE UP 
OXYGEN AND give OFF CARBONIC ACID. Organic substance, obtained 
by assimilation, is in turn lost by respiration. That green plants 
growing in the light accumulate a considerable surplus of organic 
substance is due to the fact that the daily production of material by 
the assimilatory activity of the green portions is greater than the 
constant loss which is caused by the respiration of all the organs. 
Thus, according to Boussingault’s estimates, a plant of Sweet Bay 
in the course of one hour’s assimilation will produce material 
sufficient to cover thirty hours’ respiration. If assimilation is sup- 
pressed by keeping the plant in darkness, it loses considerably in 
dry weight. 

Plants produce in twenty-four hours about five to ten times their own volume 
of carbonic acid. In shade-plants this is usually reduced to twice the plant’s 
volume, while the commonly-cultivated Aspidistra produces only one-half of its 
own volume, and can therefore succeed even under conditions of dim light which 
are unfavourable to assimilation. 

In order to demonstrate the existence of respiration either the 
absorption of oxygen or the giving off of carbon dioxide by the plant 
may be employed. If a handful of soaked seeds is placed at the 
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bottom of a glass cylinder, the top of which is closed for a day by a 
glass plate, the oxygen in the space is used up by the germinating seeds; 
a candle will be extinguished if it is introduced into the cylinder. If 
germinating seeds, or flower- heads of Compositae (B, Fig. 251) or 
young mushrooms are placed in a flask and prevented from falling 


out when the flask is inverted 
by means of a plug of cotton- 
wool (W), the mouth of the 
flask can be dipped under 
mercury (S) and some solution 
of caustic potash (K) be intro- 
duced above this. The carbon 
dioxide formed is then absorbed 
by the caustic potash and the 
mercury rises (Fig. 251). When 
this experiment is carried out 
quantitatively it is found that 
a fifth of the volume of air 
disappears, so that all the 
oxygen has been absorbed. 
Since, however, when no potash 
is present, the volume of gas is 
not altered by the respiration 
of the plants, an equal volume 
of carbon dioxide must be 
formed for each volume of 
oxygen that is absorbed. The 
respiratory coefficient, or ratio 
between the absorbed oxygen 
and the excreted carbon dioxide, 

is equal to unity (^q 2== 1 If 



we assume that a hexose is the Fu; ^ L __ Kx[)t , lil); , , ; respiration. 

substance respired, this must The inverted flask (B) is partially filled with 


take place according to the 
formula 


flowers which are held in place by the plug of 
cotton (»> Owing to the absorption of the 
carbon dioxide exhaled in respiration by the 


C 6 H 12 0 6 + 60 2 = 6C0 2 + 6H 2 0 

+ 674,000 gramme calories. 


solution of caustic potash (X), the mercury ( Q ) 
rises in the neck of the flask. (After Noll.) 


The gain in energy is thus very considerable. In this process, which 
is exactly opposite to the assimilation of carbon dioxide, it is not so 
easy 7 to demonstrate the formation of water as it is to show the 
utilisation of oxygen and the production of carbon dioxide. Quantita- 
tive estimates of the loss of dry weight and of the carbon dioxide 
formed show that the latter does not account completely^ for the 
former ; a part of the dry substance must thus have been transformed 
into water since no gases other than C0 2 are produced. 
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The volume of air does not under all circumstances remain 
unchanged by the respiration of the plant ; the carbon dioxide pro- 
duced is not always equal in volume to the oxygen which disappears. 
Small deviations from this ratio occur in all plants, and considerable 
ones in, for instance, the germination of fatty seeds, and in the leaves 
of certain succulent plants (Crassulaceae). This is connected with 
the fact that in these seeds fats, which are much poorer in oxygen 
than carbohydrates, are used in respiration ; and that in the 
Crassulaceae certain organic acids are produced from carbohydrates, 
instead of carbon dioxide and water. In other plants also similar 
acids, though not in so great amount, are formed. They probably 
arise mainly in the respiratory process, but may also be produced in 
constructive metabolism. Oxalic acid, the wide distribution of which 
as calcium oxalate is well known, must particularly be mentioned. Its 
production is proportional to its neutralisation by calcium ; if this 
does not take place its production is diminished. Even in plants that 
do not contain calcium oxalate, there is a production of oxalic acid 
which is then rapidly oxidised further. 

Jn the germination of fatty seeds far more oxygen is absorbed than carbon 
dioxide is given off ; this may go so far that in the first days in the dark, in spite 
of continual respiration, an increase in the dry weight takes place. The respiratory 
quotient is thus less than 1. Most of the oxygen is used in the transformation of 
fats, which are poor in oxygen, into carbohydrates, and only a small proportion 
is used in respiration. 

In the Crassulaceae a large proportion of the carbohydrate is changed into 
organic acids in the process of respiration. The oxidation is thus incomplete ; 
it does not lead to the formation of C0 2 , so that less of this gas is formed than the 
amount of oxygen absorbed would lead us to expect. The respiratory quotient is 
less than 1. This peculiar respiratory process which is connected with an accumu- 
lation of acids in the cell-sap, as can be recognised by the taste, is of great 
ecological significance for succulent plants. The acids formed (especially malic and 
oxalic acids) give off C0 2 in the light. This can be again employed in assimilation, 
while, in typical respiration at least, the C0 2 formed during the night escapes, and 
is lost to the plant. The succulents thus economise their supply of C, which is 
probably connected with the fact that they do not so readily obtain carbon dioxide 
from the air as other plants, owing to the diminution of gaseous exchange on account 
of the limitation of transpiration ( 66 ). 

As has been mentioned, respiration is of general occurrence 
in the higher plants. It not only occurs in the parts of plants which 
do not possess chlorophyll and are commonly used in experiments 
on respiration, but can be demonstrated also in cells which contain 
chlorophyll. In this case the respiration in the light is masked by 
the quantitatively greater process of assimilation ; it appears only as a 
diminution in the products of assimilation. If the light is diminished 
assimilation ultimately ceases and the respiration becomes evident. 

Though respiration goes on in every living cell its intensity varies 
greatly in different organs and under various external conditions. 
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Actively -growing parts of plants, young fungi, germinating seeds, flower- 
buds, and especially the inflorescences of Araceae and Palms, exhibit 
very active respiration. In some bacteria and fungi this exceeds, as 
compared with the body- weight, the respiration of the human body. 
In most cases, however, especially in parts of plants composed wholly 
or mainly of full-grown tissues, the consumption of oxygen and 
production of carbon dioxide is considerably less than in warm-blooded 
animals. Among external conditions which have an important 
influence on the intensity of respiration the temperature and the 
amount of oxygen must be especially mentioned. An increase of 
temperature accelerates respiration as it does all the vital processes. 
The production of carbon dioxide is about doubled or trebled by a 
rise of 10° C., just as other chemical processes outside the plant 
are. With continued rise of temperature, however, the respiration 
diminishes. In contrast to other like phenomena the fall in the 
respiratory curve is exceedingly steep, so that the optimum and 
maximum almost coincide. 

Respiration is commonly spoken of as a process of combustion. 
Were this correct it might be expected that the amount of available 
oxygen would be of fundamental importance ; in particular it 
might be anticipated that respiration would be greatly increased in 
pure oxygen and completely suspended in a space free from oxygen. 
Neither of these assumptions is true. Respiration is not markedly 
increased in pure oxygen, and only at a pressure of 2-3 atmospheres 
of oxygen does an increase in the respiration become perceptible ; 
this is soon succeeded by a decrease in the respiration indicating the 
approach of death. Even more striking is the fact that plants in the 
absence of oxygen continue to produce carbon dioxide. In this case 
one cannot speak of a process of combustion ; the phenomenon is termed 
INTRAMOLECULAR RESPIRATION ( ,V7 ) because the carbon dioxide which is 
formed owes its origin to a rearrangement of the atoms in the molecule 
of the sugar which serves as the material for respiration. The molecule 
of sugar breaks down and forms, in addition to carbon dioxide, other 
reduced compounds, sometimes, for example, alcohol according to the 
formula 

C 6 H 12 0 6 = 2C 2 H 6 0 + 2C0 2 + 28,000 gramme calories. 

If this empirical formula is replaced by the structural formula 

COH.CHOH.CHOH CHOH . CHOH . CH 2 OH 
= C0 2 + CH 3 . CH 2 OH + CH 3 CH 2 OH + C0 2 , 

it will be seen that the molecule of sugar has broken down into four 
portions, two of which are poorer and two richer in oxygen than the 
molecular groups from which they are derived. In this type of 
respiration certain molecular groups withdraw the combined oxygen 
from others. The above equation further shows that the gain in 
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energy per gramme molecule of utilised glucose is much less in intra- 
molecular than in ordinary respiration ; 28,000 gramme calories as 
compared with 674,000. 

It may be assumed that oxygen -respiration and intramolecular 
respiration are expressions of one and the same property of the plant ; 
in other words, that on withdrawal of oxygen normal respiration passes 
over into intramolecular respiration. If this is true, it follows that the 
essence of respiration does not consist in an oxidation process but in a 
breaking down of organic substance in which products arise that readily 
take up oxygen. The materials which are respired in the plant, such as 
carbohydrates and protein, are not easily oxidisable at ordinary tempera- 
tures. Fats, it is true, which may also serve as material for respiration, 
are oxidisable, but in this case we know that they are transformed 
into carbohydrates before they are used for respiration by the plant. 
The plant must thus have at its disposal special means in order to 
carry on the oxidation of the substances that are involved in respiration. 

In recent years two well-founded conceptions of the chemistry of respiration 
have been developed by Wieland and Warburg ( 68 ). It can now be assumed 
that the primary process in the combustion of the material of respiration does not 
consist in an activation of oxygen in the sense of the formation of ozone or hydrogen 
peroxide. Were this so, numerous substances in the cell would be oxidised by 0 3 
or H 2 0 2 and there could not be a selective combustion, easily oxidisable substances 
being avoided and those more difficult of oxidation attacked. 

According to Wieland the primary process in respiration consists in. an 
introduction of water into the respiratory material, e.g. sugar. Following on this an 
oxidation, determined by enzymes, and progressing by a number of stages, takes 
place ; this takes the form of a withdrawal of hydrogen and a simultaneous 
setting free of C0 2 . Wieland was able to show that glucose in the presence of 
the catalyst, palladium black, at ordinary temperatures gives off II and C0 2 if 
oxygen is excluded. The hydrogen is absorbed by the palladium black so that the 
process becomes weaker as the palladium becomes saturated with hydrogen ; it 
proceeds, however, in the presence of an acceptor of hydrogen. In the absence of 
air, methylene blue will act in this way, forming a colourless compound ; on access 
of air the oxygen takes on this role and water is formed. 

In higher plants the place of the palladium-black is taken by certain enzymes 
which transfer the hydrogen of the addition-compound of the sugar and water 
to readily reducible substances. These H-acceptors have been named respiratory 
pigments by Palladin. From the respiratory pigments the hydrogen is then trans- 
ferred by the action of the so-called oxidases to the atmospheric oxygen, and as 
a result water is produced. Thus the oxidases, which are also enzymes, do not 
convey the atmospheric air to the sugar but to the hydrogen which has been 
liberated from the sugar in the manner described above. The general presence of 
oxidases in plants has been demonstrated. 

The following outline scheme represents the respiration of sugar. 

1. C 6 H 12 0 6 + 6H 2 0 = 6C0 2 + 24H 

2. 24H + 60 2 = SEjO 4- 6H 2 0 

C«H 2 0 6 + 60 2 = 6C0 2 + 6H 2 0 

If free oxygen is wanting the reaction must take another course. Either, as in 
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some fermentations (p. 270), the hydrogen will be given off as such, or it will be 
used in the formation of less highly oxidised products of combustion, e g. alcohol. 
In all probability there will first arise in the respiration of the sugar those sub- 
stances which will be mentioned below in connection with alcoholic fermentation. 

The second theory, developed by Warburg, starts from the fact of experience 
that the material of respiration cannot be oxidised in a solution either by oxygen 
alone or in the presence of oxidases. Protoplasm is, however, not a true solution 
but contains numerous particles that can be regarded as solid. Since the multitude 
of these particles possess a very large surface all reactions in the cell that take 
place at surfaces are greatly promoted. The particles of the protoplasm further 
contain iron in the ionised form. Iron is known to greatly hasten the transference 
of oxygen to oxidisable bodies. The materials for respiration are oxidised 

AT THE SURFACES OF THE PARTICLES IN THE PRESENCE OF CATALYTICALLY ACTIVE 

ions of iron. The cause of the combustion in living cells is, according to 
Warburg, the adsorption of the respiratory material, along with oxygen, on the 
iron-containing surfaces. 

It is impossible to decide at present which of these two theories is correct, and 
whether respiration does not proceed sometimes according to the one and sometimes 
according to the other. 

At first sight respiration appears a contradictory process, since in 
it organic material which has been built up in assimilation is again 
broken down. Its meaning only becomes evident when, turning 
from the changes of substance, those of energy are considered. It 
is not the production of CO., and H 2 0 that is important, but only 
the liberation of energy. This is effected on the breaking down of 
such substances as carbohydrates, for the construction of which, 
as has been seen, a supply of energy is requisite. On this liberated 
energy the plant is dependent for the driving force in many of 
its vital phenomena. Movements of protoplasm, growth, and move- 
ments due to stimuli cease on the withdrawal of oxygen from the 
plant. All these vital phenomena begin again on the restoration of 
a supply of oxygen, if this is not too long delayed. It might have 
been expected that the organism would possess arrangements by the 
help of which the external energy of light or heat could be employed 
as driving power. Practically, however, it is found that the plant 
proceeds to store up the energy of the sun’s rays in the form of 
potential chemical energy, and then utilises this at need. This method 
has the great advantage that the stored energy can be very easily 
carried to other places in the plant. It can thus reach, for example, 
the roots which grow in the dark and cannot directly transform light 
into chemical energy. Further, the stored energy can be employed at 
times when the sun’s energy is not available, e.g. at night. 

In intramolecular respiration also energy is set free ; this does not, 
however, suffice in most organisms to maintain the driving force for 
the normal vital processes. Some seeds can remain alive for many 
hours or days with intramolecular respiration, and some even continue 
to give off the same amount of carbon dioxide as in ordinary respira- 



270 


BOTANY 


PART I 


tion. In most cases, however, the amount of C0 2 rapidly diminishes. 
In other plants death soon occurs, probably owing to the end-products 
of intramolecular respiration acting as poisons. The value of intra- 
molecular respiration is in these cases only slight. On the other hand 
it has a very great importance in certain organisms which will be 
referred to later. 

B. Oxidation of Inorganic Material ( 60 ) 

While most plants use organic compounds, especially carbohydrates, 
in respiration, certain bacteria utilise other sources of energy. Thus, 
the nitrite bacteria which commonly occur in the soil oxidise ammonia 
to nitrous acid, and the associated nitrate bacteria further oxidise the 
nitrous acid to nitric acid (nitrification). By the help of the energy 
thus obtained they can then assimilate carbon dioxide ; the chemical 
energy takes the place in them of the sun’s energy for the typical 
autotrophic plant. The formation of the organic substance is ; in this 
case, not a photosynthesis but a chemosynthesis. There is no breaking 
down of organic material so that the whole of the assimilated nutri- 
tive substance is retained, and the working of these organisms is very 
economical. Since, however, only a limited amount of ammonia is 
available, and this is derived from other organisms, they cannot take 
the dominant place in nature which the green plants do. 

With the mtro-bacteria the so-called sulphur bacteria may bo associated ; these 
oxidise sulphuretted hydrogen to sulphuric acid, sulphur being an intermediate 
product, and being stored in the body of the plant. In a similar way other bacteria 
obtain energy by the oxidation of methane to carbon dioxide and water. It is 
very probable that the energy in these cases is employed in the synthesis of organic 
substances from C0 2 . 

In contrast to these strictly specialised autotrophic bacteria the combustion of 
hydrogen is not a property of definite “hydrogen-bacteria" but is widespread 
among ordinary heterotrophic bacteria ; these further effect the oxidation of organic 
substances. The case is apparently similar for the so-called iron-bacteria (e.g. 
Leptothrix ochracea ) ; these perhaps only require iron or manganese when supplied 
with unsuitable organic substances. 


C. Fermentation ( 70 ) 

With the removal of oxygen intramolecular respiration begins, but 
this cannot supply the necessary energy to maintain life in the higher 
plants, although it may do so in lower organisms. Many Bacteria, 
Fungi, and certain Algae (Characeae) are notably independent of a 
supply of oxygen ;* they succeed with slight traces of this gas, or they 
avoid it altogether and live in situations where oxygen is absent 
(mud of swamps or of the sea, digestive canal of many animals so 
far as it is free from oxygen). Such organisms are called anaerobes or 
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anaerobionts in contrast to the typical aerobes or aerobionts. All 
intermediate stages connect the two extremes. The true anaerobionts 
decompose large amounts of organic substances, and this decomposition, 
which is in principle the same as the process of intramolecular respira- 
tion, is termed FERMENTATION. As in intramolecular respiration, 
these processes are concerned with obtaining combined oxygen. 

The prototype of fermentation is the alcoholic fermentation brought 
about by the yeast fungus (cf. p. 443). In this, sugar is split up into 
alcohol and carbon dioxide, and the process has great technical im- 
portance in the production of beer, wine, and brandy. The chemical 
process is the same as that of intramolecular respiration in a green 
plant; in contrast to this the yeast plant obtains in the fermentation 
a complete substitute for respiratory activity. It is, however, only 
independent of oxygen when it is supplied with a suitable ferment- 
able material (sugar). In the absence of sugar, oxygen is indis- 
pensable, and normal respiration takes place. When both sugar 
and oxygen are supplied, respiration and fermentation go on simul- 
taneously ; part of the sugar is transformed into C 2 H 6 0 and C0 2 and 
another part into H 2 0 and C0 2 . Obviously, the transformation of 
sugar into alcohol and carbon dioxide will provide much less energy 
than the complete combustion to carbon dioxide and water. It is 
thus easy to understand that yeast utilises enormous quantities of 
sugar. Only about 2 per cent of the sugar in the nutrient solution is 
used in the construction of the substance of the plant, i.e. is assimilated ; 
the rest is fermented. For effecting this extensive decomposition of 
the sugar, yeast employs a specific enzyme (zymase). 

While in normal respiration, the total heat of combustion of glucose ( = 674,000 
gramme calories) is set free, there has to be subtracted in the case of alcoholic 
fermentation the heat of combustion of two molecules of ethyl alcohol (2 x 323,000 
= 646,000 gramme calories) ; thus only 28,000 instead of 674,000 gramme calories 
are set free. 

It was long suspected that the fermentative power of yeast was dependent on the 
presence of enzymes ( n ). E. Buchner first succeeded in separating these from 
the living protoplasm. Since “ zymase ”, in contrast to other enzymes, is unable to 
diffuse from the cells, these have to be ruptured and then subjected to great 
pressure to obtain it. Further, zymase is not a simple enzyme but a mixture of a 
number of enzymes which in conjunction bring about the alcoholic fermentation. 

According to Neuberg ( 72 ), in this process the molecule of sugar is first trans- 
formed into two molecules of methyl-glyoxal which provide pyruvic acid and gly- 
cerol; by the splitting off of GO, this is transformed into acetaldehyde. Acetalde- 
hyde can be demonstrated as an intermediate product in the process of fermentation, 
and is also directly reduced to alcohol by yeast. 

While the yeast fungus is largely unaffected by oxygen in its 
fermentative activities it cannot be classed with strictly anaerobic 
organisms, since its growth is greatly favoured by free oxygen. It 
follows from this, since the chemical changes depend on the numbers 



272 


BOTANY 


PART I 


of the yeast cells, that more alcohol can ultimately be obtained in the 
presence of oxygen than if this is excluded. 

Other fermentative organisms, however, are directly injured by 
free oxygen and therefore only occur naturally in situations where this 
gas is absent. To these true anaerobes the butyric acid bacteria 
belong ; these transform all kinds of carbohydrates and higher alcohols 
into hydrogen and organic acids, butyric acid being always among the 
latter. Since they can attack cellulose, butyric acid bacteria play an 
important part in nature. They transform the carbon fixed in the 
cell-walls of plants into forms which other organisms can utilise ; they 
thus prevent a large amount of carbon being excluded from the 
circulation of materials in nature (see below). 

In the butyric acid fermentation also the carbohydrate is first transformed into 
pyruvic acid and glycerol ; from this, butyric acid and free hydrogen arise. Since free 
nitrogen can act as an acceptor of the hydrogen, there is a formation of ammonia 
and thus a fixation of nitrogen. 

. It is impossible to treat of all the various fermentations here. The 
lactic acid fermentation may, however, be mentioned. This plays an 
important part in the dairy industry, and also in the preparation of 
Sauerkraut. The process is anaerobic, the molecule of sugar either 
splitting into two molecules of lactic acid or yielding C0 2 and H 2 in 
addition to lactic acid. 

So far only fermentations of carbohydrates have been considered, 
but the more complex organic compounds of the plant- and animal- 
body, and in particular the proteins, may also be fermented. 
In the latter case the process is termed putrefacation when it 
takes place in the absence of oxygen, and DECAY when oxidation 
is possible. In nature aerobic bacteria occur first in the ferment- 
ation of albuminous substances, and these prepare the way for 
anaerobic forms, so that a sharp distinction between decay and putre- 
faction is impossible. In all cases the proteins are first hydrolytically 
dissociated with the production of the substances already mentioned, 
especially amino-acids. These are further changed, first by the separa- 
tion of NH 2 , and then more profoundly ; ill-smelling substances such as 
sulphuretted hydrogen, indol, and skatol are often, but not in all cases 
of proteid fermentation, formed. 

It is impossible to draw a sharp line between those decompositions which go on 
without the assistance of atmospheric oxygen and those in which oxygen plays a 
part. We are obliged to class as fermentations all those metabolic processes by 
which energy is obtained, which differ from typical oxygen respiration. In this 
sense the production of malic and oxalic acids in the Crassulaceae and of oxalic 
acid in fungi and bacteria would be fermentations and a typical oxidation 
process (the transformation of alcohol to acetic acid effected by the acetic acid 
bacteria), must also be grouped with fermentations. 

With these processes, which have in common a gain of oxygen, 
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free or combined, there must lastly be associated the cases in which 
inorganic compounds serve as the source of the oxygen. Thus certain 
bacteria live as anaerobes using nitrates as their source of oxygen ; 
the nitrates are reduced to free nitrogen (denitrification). In other 
cases sulphates are reduced to sulphuretted hydrogen. 

There are further bacteria ( Micrococcus selenicus ) which are not anaerobic but 
are unable to utilise the free oxygen ; they can only take oxygen from readily 
reduced substances such as sodium selinite, sodium thiosulphate, indigo carmine, or 
methylene blue ( 7 ®). 

Circulation of Material. — When organic material, as is the case in 
nature with the remains of dead organisms, is the prey of various 
micro-organisms these co-operate in their action ; metabolic products 
of one kind of micro-organism are further decomposed by others until 
the organic compounds are converted into inorganic or mineral sub- 
stances. The final products are carbonic acid, water, hydrogen, methane, 
ammonia, nitrogen, and sulphuretted hydrogen. 

All these end-products of fermentation can be utilised by other 
organisms. Leaving C0 2 and H 2 0 aside as having been sufficiently 
dealt with, it may be noted that hydrogen, methane, ammonia, and 
sulphuretted hydrogen are all oxidised by particular bacteria, while 
others assimilate nitrogen. It is only by this co-operation of all 
organisms that life is maintained on the earth and substances again 
brought into circulation. If only one type of organism existed, it 
would in a short time have destroyed the possibility of its own 
existence by its one-sided metabolism. 

D. Production of Heat and Light in Respiration 
and Fermentation 

Heat ( 74 ). — Since typical respiration is a process of oxidation, it is 
easy to understand that it is accompanied by an evolution of heat. That 
this evolution of heat by plants is usually not perceptible is due to the fact 
that it is not sufficiently great, and that considerable quantities of heat 
are rendered latent by transpiration, so that transpiring plants are 
usually even cooler than their environment. In some fermentations, 
e.g. alcoholic fermentation, a considerable quantity of heat is evolved. 
The heat of rotting manure is well known and employed in the con- 
struction of hot-beds. 

The spontaneous evolution of heal is easily shown experimentally, if tran- 
spiration and the loss of heat by radiation are prevented and vigorously-respiring 
plants are selected. A quantity of germinating seeds (peas) shows under proper 
conditions a rise in temperature of 2° C. The greatest spontaneous evolution of 
heat manifested by plants has been observed in the inflorescences of the Araceae, 
in which the temperature was increased by energetic respiration 10°-20° C. 
Also in the large flower of the Victoria regia temperature variations of 15° C. 
have been shown to be due to respiration. One gramme of the spadix of an Aroid 
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exhales, in one hour, up to 30 cubio centimetres C0 2 ; and half of the dry 
substance (all the reserve sugar and starch) may be consumed in a few hours as 
the result of such vigorous respiration. Specially high temperatures are obtained 
by cutting up living leaves, etc., in large quantity and ensuring a sufficient supply 
of oxygen. Under these conditions the temperature rises to 40°-50° C., and the 
leaves perish. After their death a further rise of temperature is due to the action 
of micro-organisms. 

On wounding plants, respiration and also the production of heat are markedly 
increased ; the contrary is seen in conditions of starvation. 

In the fermentation of tobacco also a considerable rise in temperature takes 
place. This is still more marked when damp hay or cotton wool is piled up in 
large quantity and left undisturbed ; by the formation of easily inflammable gases, 
this may lead to the spontaneous combustion of the material. The spontaneous 
heating of hay has been most thoroughly studied. First by the respiratory 
activity of Bacillus coli the temperature is raised to 40° C. ; then a number of 
thermophilous moulds and bacteria become established, among which Bacillus 
calf actor raises the temperature to 70° C. Ultimately all the organisms perish 
owing to the temperature to which they have given rise. 

Phosphorescence ( 75 ). — Under the same conditions as those of respiration a 
limited number of plants, particularly fungi and bacteria, emit a phosphorescent 
light. The best-known phosphorescent plants are certain forms of bacteria which 
occur in the sea, and the mycelium, formerly described as “ Rhizomorpha,” of the 
fungus Armillaria mellea. Harmless phosphorescent Bacteria ( Bacterium phos- 
phoreum, Pseudomonas lucifera ) occur on phosphorescent fish or meat. The 
phosphorescence of many animals appears usually to depend on bacteria which 
develop regularly in particular organs of the animals. 

This phosphorescence disappears in an atmosphere devoid of oxygen, only to 
reappear on the admission of free oxygen. On this account the phosphorescent 
bacteria afford a delicate test for the activity of assimilation. All the circum- 
stances which facilitate respiration intensify phosphorescence ; the converse of this 
is also true. No use is known for the phenomenon of phosphorescence. 


SECTION II 

DEVELOPMENT ( 76 ) 

Development, that is, growth combined with change of form, is one 
of the most striking vital phenomena. A plant, composed it may 
be of millions of cells, commenced its existence as a single microscopi- 
cally small cell ; in order to attain its large size and definitive form it 
has had to develop. Developmental physiology does not see in the 
development merely the stream of changes in the construction of the 
organism shown by the developmental history regarded from a phylo- 
genetic standpoint; it sees in the individual organism a series of 
successive, causally determined processes occurring as phases of 
development and bringing about the differentiation of the germ. 
The physiology of development has to recognise the special nature of 
each of these processes and to trace them to their underlying causes. 
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I. The Commencement of Growth ( rr ) 

The germination of seeds and spores. — The natural starting- 
point in considering the development of an individual plant is the 
germination of the seed in the case of the higher plants, and in the 
lower plants the germination of the spore. Ripe seeds or spores 
usually undergo a resting period which may be determined by internal 
or external causes. They pass into the so-called latent condition in 
which all the manifestations of life come to an almost complete 
standstill ; even respiration is suspended and there are no indications 
of growth or movement. When this condition is overcome the 
development commences with germination, that is, the formation of a 
young plant or seedling. 

The germination of seeds and spores is brought about as a rule by 
the re-establishment of the general conditions for growth, especially a 
suitable temperature, supply of oxygen and water. In other cases this 
does not suffice ; the resting state is dependent on certain internal 
conditions and often requires special stimuli to bring about a change. 

Some seeds pass through a prolonged resting period before they commence to 
germinate. This may be due to the fact that they only become ripe after their 
separation from the plant, or it may be due to their only being able to absorb water 
very slowly. There are also great individual ditferences among seeds ; some may 
lie for years in the soil, while others of the same ago have germinated long before ; 
this in part depends on the hardness of the seed-coat and the consequent difficulty 
of swelling. This also appears to be the main reason why the seeds of many 
aquatic plants ( 78 ) will not germinate in pure water, but do so on the addition 
of acids or alkalies. In some cases fully swollen seeds are unable to germinate 
except in the light ( 79 ). A surprisingly short exposure to illumination may 
suffice (Ly thrum salicaria, ^ second, at Hefner candle intensity of illumination 370). 
When the germination of seeds is tested in light of different wave-lengths, if the 
energy for all colours is equal the number of germinations is found to be proportional 
to the wave-length ; thus the yield in germination can be represented as proportional 
to the number of light-quanta. Not uncommonly the illumination may be replaced 
by a particular high temperature or by the chemical effects of the light. Chemical 
stimuli play the chief part in the case of certain parasites which only germinate in 
the vicinity of their host plants ( Orobanche , Tozzia). In other cases ( e.g . Amar- 
antus) light hinders or delays germination, and darkness is an advantage. 

In the case of spores also, germination may begin on the establishment of the 
formal conditions of growth or may require special stimuli. 

The unfolding of buds. — Unlike the animal the plant is never fully 
grown. It forms, as a rule in the leaf-axils, buds which undergo a 
period of rest and sooner or later unfold. The remarks made regard- 
ing the germination of seeds apply to the annual recurrence of the 
active growth of buds in perennial plants. 

A striking and fixed resting condition is seen in deciduous trees. At a certain 
season of the year, in the autumn or earlier, their buds can in no way be induced 
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to expand (stage of complete rest). Later, however, a considerable shortening of 
their resting period may be caused not only by a higher temperature but by a 
number of stimuli such as frost, dryness, darkness, illumination, ether vapour, 
acetylene, tobacco smoke, wounding, injection of water, etc. The awakening 
from the resting state f 80 ) is most readily effected shortly before the normal 
resumption of activity, but almost as readily at an early period shortly after the 
period of rest has begun. These relations have to be taken into consideration in 
the forcing of plants in horticultural practice. 


II. General Phenomena of Growth 

When seeds or spores commence to germinate, or buds to unfold, 
growth begins. To be able to grow is a specific property of living 
structures, which is lacking in dead bodies. The “ growth ” of a 
crystal is something quite different. In it particles are removed from 
the surrounding liquid and applied to those that form the existing 
crystal, while with the process of growth are connected manifold 
movements of material in the living organism. In the latter case the 
result is not a simple enlargement resulting according to definite laws, 
but an increase of volume with which a host of very complicated in- 
ternal changes are connected. Owing to this the increase of size is 
permanent and persistent and is irreversible. Thus an increase of size 
due to imbibition, as in the case of a dry . seed placed in water, is not 
growth. Usually growth is associated with gain of material, but in 
the case of potatoes sprouting in a dark cellar loss takes place, by 
transpiration and respiration, and yet the shoots exhibit growth. 

1. The Phases of Growth 

In the simplest plants, such as the lower Algae, Fungi, or Bacteria, 
development consists merely in growth of the cell followed by cell- 
division. These cases have been sufficiently dealt with in the morpho- 
logical section. In more complex plants growth and division of cells 
are also found, but these processes appear subordinated to the growth 
of the whole. Three distinct processes can be distinguished in this, 
though they are not always separated in time. These are the stages of 
FORMATION OF EMBRYONIC ORGANS, of ELONGATION, and of INTERNAL 
DEVELOPMENT. 

(a) Embryonic Rudiments. — The embryonic growth takes place 
normally at the growing points. Little is known as to the causes 
of the cell-divisions in the growing point. There is no doubt that 
a very complex succession of phenomena is involved ; not only the 
protoplasm but the nuclei of the cells have to be considered, the latter 
indeed initiating the cell divisions. 

In the first place there is no doubt that external factors play a great part in 
starting cell-divisions ( 81 ). It will be seen below (p. 286) that the intensity and 
quality of the light sometimes, as in fern prothalli, exert a great influence on the 
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cell-division. In the second place internal factors, especially the age of the cells, 
come into play ; the capacity for division diminishes with the age of the cells, but 
can be restored by external influences. As Habkhlandt ( 8a ) has shown, certain 
substances (hormones), which can thus restart the process of division, are derived 
from wounded or mechanically injured cells. Similar substances appear to arise 
in plasmolysis, perhaps by rupture of threads of protoplasm, and some poisons 
have a similar effect. 

(b) Elongation. — The meristematic primordia require to enlarge 
and unfold before they can become functional, and this increase of 
size is effected in a peculiar and economical fashion. It results 
mainly from absorption of water from without. Organic material 
is of course required for the extension of surface of the cell-walls, 
but there is no need of an increase in protoplasm during the enlarge- 
ment ; the valuable nitrogenous material is economised. There is a 
great difference in this respect between the growth of a plant and a 
typical animal ; nothing corresponding to this “ phase of elongation ” is 
met with in the latter. 

The meristematic cells of the growing point contain considerable 
amounts of imbibed water in the wall and protoplasm. As absorp- 
tion of water from without continues, a distinction becomes evident 
between the fully-saturated protoplasm and the vacuoles filled with 
a watery solution ; this leads ultimately to the single large central 
vacuole or sap-cavity surrounded by the peripheral layer or sac of 
protoplasm (cf. p. 2, Fig. 3). 

Sinew the elongation consists in an absorption of water it is evident that the 
cells which grow most strongly are those that have the greatest suction-force values. 
According to recent investigations, however, the turgor-pressure, to which importance 
was earlier attributed in connection with growth, plays a subordinate role. It lias 
been shown by measurements that it diminishes in the growing zone in proportion 
to the growth ( 83 ). This diminution is very advantageous to the growing cell ; 
since the suction-force, which is so important for growth, is equal to the difference 
between the concentration of the cell-contents and the pressure of the wall, the 
plant only requires to keep the former value constant in order to arrive at a greater 
value of the suction- force. Any serious dilution of the cell-sap need not occur owing 
to the power of the growing cell to regulate the concentration of the cell-sap. The 
osmotic value can be increased by the transformation of sugar into organic salts ; 
thus, for example, by a change of glucose into oxalic acid it can be trebled. 

Regarding the processes in the growth of cell-walls which are termed apposition 
and intussusception, what is necessary has been stated on p. 33. In growth in 
surface duo to plastic stretching without addition of material, followed by the 
addition of new layers to the wall, the stretching due to turgor appears as a 
natural preliminary to the growth. In the case of growth by intussusception the 
turgor- pressure appears less necessary. 

Tissue Tensions. — The expansion of the cells in length and 
breadth does not always take place uniformly and simultaneously in 
the whole cross-section of an organ. It is usual to find that, in 
growing stems for instance, the pith strives to expand more strongly 
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than the peripheral tissues. Since no breach of continuity between 
the two regions is possible, a state of tension (tissue tension) results. 
The pith expands the cortical tissues and these compress the pith ; 
the actual length of the organ is the resultant of these antagonistic 
tendencies. If the tissues are artificially separated, each assumes its 
own specific length ; the pith elongates and the cortex contracts and 
the tension disappears. 



The tissue tensions which occur generally in growing organs may be demon- 
strated in this way. In a sunflower shoot the pith is separated for some 

distance from its connections to neighbouring 
tissues by means of a cork-borer. On with- 
drawing the cork-borer the cylinder of pith 
projects for some distance from the cut surface of 
the stem (Fig. 252, 1). If a similar shoot is 
split longitudinally the two halves curve out- 
wards owing to the elongation of the pith and 
the contraction of the epidermis. Even in the 
case of hollow shoots such as the stalk of the 
inflorescence of the Dandelion ( Taraxacum ) a 
tension exists between the outer and inner 
tissues which is expressed by curvatures when 
the stalk is split longitudinally (Fig. 252, 2a). 
If the stalk after this treatment is placed in 
water the curvature increases considerably (Fig. 
252, 2b). 

Tissue tensions also occur in leaves and robts. 
The tensions need not be in the longitudinal 
direction alone ; there are also transverse tensions. 
Thus, for example, the rind of trees which increase 
in thickness by secondary growth is considerably 
stretched in the tangential direction. On being 
separated from the wood it therefore contracts. 

The tissue tensions gradually arise 
at some little distance from the growing 
point where the expansion of cells is 
commencing, and as a rule they again 
disappear in the fully-grown zone, though they persist in the 
case of some organs (p. 339). They are of great importance for 
the rigidity of growing tissues; they increase the rigidity given by the 
turgescence of the individual cells. The tissue tension presents a certain 
resemblance to the turgescence of the cell ; this is most evident in the 
typical stem. Just as the cell-sap distends the cell-wall by its osmotic 
pressure, the expanding pith stretches the cortical tissues. 

The tissue tension ceases as all the cells attain the permanent 
mean length dictated by the size of the organ. Sometimes, however, 
certain cells after attaining their greatest length exhibit a considerable 
contraction associated with an alteration in shape. This occurs often 
in roots when the tissues of the cortex and of the central portion are 


Fig. 252. — 1 , Shoot of Helianthus 
annuus with the leaves removed 
and the pith separated from the 
peripheral tissues by means of a 
cork -borer. 2, Stalk of the in- 
florescence of Taraxacum, split 
longitudinally by two incisions at 
right angles to one another ; a, 
just after splitting ; 5, after im- 
mersion in water. 
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thrown into folds by the contraction of the tissue that lies between 
them. The significance of this contraction of roots (p. 170), which 
may lead to a shortening of the fully-grown structure by 10-70 per 
cent, is very great. Thus it is due to it that the leaves of many 
“ rosette plants,” in spite of the continued growth in length of the 
stem, remain always appressed to the soil. It determines and regulates 
the penetration of many tubers and bulbs to a definite depth in the 
soil. It increases the fixation of the plant in the soil, since greater 
stability results from tense than from slack roots. 

(c) Internal Differentiation. — The cells of the typical growing 
point maintain their power of growth and division. A portion of the 
meristematic tissue, or the whole of it in the case of organs of limited 
growth, becomes transformed into the somatic cells of the permanent 
tissues; in these growth and cell-division cease, and sooner or later 
death ensues (p. 308). 

The internal development of an organ commences close behind the 
growing point and lasts for a longer or shorter time. While the full 
development of hairs is frequently very rapid, the definite form and 
structure of the internal tissues is often only completed after the phase of 
elongation is ended. 


2. Measurement of Growth 

Embryonic Growth. — The increase of size due to embryonic growth 
is too small to be easily recognised. It can only be established, 
noting the number of cell-divisions, by microscopical examination. 

Such investigations have shown that there is an underlying rhythm in em- 
bryonic growth and that, even when the external conditions remain constant, it is 
not the same at all periods of the day. The various organs behave differently. 
Thus the maximum for roots is between 9 and 11 a.m., and for shoots 3-5 a.m. 
It has long been known that in many Algae, e.g. Spirogyra , cell-division occurs only 
at night ( 84 ). While in this case it is evident that light is the arresting cause, in 
the embryonic growth of higher plants still unknown external factors or internal 
causes are presumably acting. 

Elongation. — It is usually growth by elongation that is in question 
when the growing parts of plants are considered and the growth 
measured. 

(a) Total Elongation. — The rate of growth of a plant, or the total 
elongation in any unit of time, may be directly measured by means of 
a scale in the case of some quick-growing organs, e.g . the inflorescences 
of Agave and the shoots of Bambusa . Usually it is necessary to magnify 
in some way the actual elongation for more convenient observation. 
For large objects, the most convenient and usual method of determin- 
ing the rate of growth is by means of an auxanometer. 

The principle of all auxanometers, however they may differ in construction, is the 
same, and is based upon the magnification of the rate of growth by means of a 
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lover with a long and short arm. In Fig. 253, at the left, a simple form of auxano- 
meter is shown. The thread fastened just below the terminal bud of the plant to 
be observed is passed over the movable pulley (r) and held taut by the weight (</), 
which should not be so heavy as to exert any strain on the plant. To the pulley 
there is attached a slender pointer ( z ), which is twenty times as long as the 
radius of the pulley, and this indicates on the scale (S) the rapidity of the 
growth magnified twenty- fold. 

Self- registering auxanometers are also used, especially in making extended 
observations. In Fig. 253, at the right, is shown one of simple construction. 
The radius of the wheel (A 1 ) corresponds to the long arm, and the radius of the 
small wheel (r) to the short arm of the lever, in the preceding apparatus. Any 
movement of the wheel, induced by the elongation of the shoot, and the con- 



Fio. 253.— Simjile and self-registering auxanometers. For description see text. (After Noll.) 


sequent descent of the weight (g), is recorded on the revolving drum ( C ) by the 
pointer attached to the weight Z, which is in turn balanced by the counter- weight 
( IV). The drum is covered with smoked paper, and kept in rotation by the clock- 
work {U). If the drum is set so that it rotates on its axis once every hour, the 
perpendicular distances between the tracings on the drum will indicate the propor- 
tional hourly grow r th. 

If more accurate measurements are required the horizontal microscope, focussed 
on the tip of the organ the growth of which is to be measured, may be employed. 
The growth is across a scale in the eye-piece and the space traversed by the growing 
tip can be magnified to any extent required. In order to obviate the constant 
readings a complicated self-regulating auxanometer has recently been constructed 
for these fine measurements ( 85 ). Cinematography has also been usefully employed 
in measurements of growth. 

The rate of growth in plants is usually too slow to allow of the 
result being directly observed after a short time. Only some fungal 
hyphae and the stamens of some Gramineae grow so rapidly that 
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their elongation is evident, even to the naked eye. The fructifica- 
tion of the Gasteromycetous fungus Dictyophora grows in length to the 
extent of 5 mm. per minute, and an increase in length of 1*8 mm. a 
minute has been observed in the stamens of Tritimm (Wheat). This 
approximately corresponds to the rate of movement of the minute- 
hand of a watch. In comparison with these the next most rapidly- 
growing organ know nis the leaf-sheath of the Banana, which shows 
an elongation of IT mm., and a Bamboo shoot, with an increase in 
length of 0*75 mm. per minute ; a strong shoot of Cucnrbita grows 
0T mm. per minute, the hyphae of Botrytis grow 0*034 mm., while 
most other plants, even under favourable circumstances, attain but a 
small rate of elongation (0*005 mm. and less per minute). 

The rate of growth of an organ never remains uniform ; even 
under constant external conditions it gradually increases from very 
small values to a maximum and then decreases to zero. This pheno- 
menon is known as “ the grand period of GROWTH.” An example 
will illustrate its course. 

A coleoptile of the Oat cultivated at 22° C. in the dark gave the following measure- 
ments in millimetres at successive periods of 12 hours : 


Half-days. 

1 . 

2. 

3. 

4. 

5. 

6. 

7. 

Growth 

. 3-7 

14-3 

22-3 

240 

12-7 

4-7 

0-8 

Length attained . 

. 5-2 

19-5 

41-8 

65-8 

78-5 

83-2 

840 

The figures for the increments of growth in 

the successive 

half-day periods, 


when plotted, give the black line curve in Fig. 254 which represents the grand 
period of growth. Instead of these numbers the second row of figures may be used 
to express graphically the course of growth. The dotted curve in Fig. 254 shows 
this for the values reduced to one-half ; on account of its form this is termed the 
S-curve of growth. 

The grand period is not always so regular as in this example ; 
frequently deviations due to abrupt changes in the growth are 
apparent. 

(b) Distribution of Growth. — As a rule any part of a plant is 
not growing throughout its whole extent but consists of both fully- 
grown and still growing portions. The latter also are not elongating 
uniformly but are composed of zones, passing gradually into one 
another, in which the rates of growth differ. The length and position 
of the growing zones is not the same in different organs. In typical 
roots the single growth-zone is situated near the tip and occupies a 
length of 5 to 10 mm. The growing zone is longer in aerial roots 
and in extreme cases may amount to 1 m. The behaviour of stems 
varies. Those without sharply-defined nodes have a single zone of 
growth of considerable length (frequently extending to *5 m.). They 
thus resemble the aerial roots. In many shoots, especially those 
divided into nodes and internodes, there are a number of zones of 
growth separated by fully-grown or less strongly growing zones. 
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This is termed intercalary growth and is beautifully shown, for 
example, in the haulms of grasses, where a growing zone is found 
at the base of each internode. At the bases of many leaves also 
an intercalary growing zone is found. 

The distribution of growth in any member of the plant is ascertained by 
periodically measuring the distance between certain natural or artificial marks. 

Thus, for example, the tip of the root in Fig. 255 I is marked with lines of 
india-ink at intervals of 1 mm. The marks start from the growing point of the 
root (0) just behind the root-cap. Twenty-two hours later the marks had been 
separated from one another as is shown in Fig. 255 II. The elongation has been 
unequal in the different zones ; at the upper and lower ends of the marked 

region it diminishes and thus leads 
to the fully-grown region on the 
one hand and the embryonal region 
at the tip on the other. Between 
these and nearer to the apical end 
is a zone where the maximal growth 
has taken place. If the growth of 
one transverse zone such as that 
between 0 and 1 is followed on 
successive days it is found that it 
grows at first slowly, then rapidly, 
and then again slowly. In other 
words, EVERY DIVISION OF THE 
GROWING ZONE EXHIBITS THE 
GRAND PERIOD OF GROWTH. The 
millimetre zones marked olf from 
the apex are thus in different stages 
of their grand periods ; the two 
first are on the ascending side of the 
curve, 3 and 4 are at the summit, 
and the others are on the descend- 
Fig. 254.— Curves of the course of growth. [Half-days.] ing slope of the curve. Other 

organs give corresponding results. 

Distinct periods of growth separated by an interval of time occur in the 
scapes of the Dandelion, the first period in relation to the development of the 
lowers, the second to that of the fruits. A similar behaviour is found in other 
organs whose function after a time becomes altered (flower- or fruit-stalks in 
Linaria cymbalaria , Tropaeolum, and Arachis hypogaea). 

(c) Rate of Growth. — From the fact that in different organs zones 
of different length are in a growing condition, it follows that such 
results as to the total growth of an organ as were described on p. 231 
do not give the true rate of growth, i.e. the growth of a unit of length 
in unit time. Thus in the shoots of the Bamboo the growing zone 
is many centimetres long, while in Botrytis it is only 0*02 mm. in 
length. While Bambusa shows twice as much growth per minute as 
Botrytis does, its rate of growth is really much less. A certain relative 
measurement of the rapidity of growth is obtained by expressing the 
elongation per minute as a percentage of the growing zone. This 
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gives a rapidity of growth of 83 per cent in Botrytis , and of only 
1*27 per cent in Bambusa. The maximum growth observed is 220 
per cent in some pollen-tubes, while some shoots which are still clearly 
growing have a rate of only 0*5 per cent. 

(d) Size of the Plant. — We can only determine the definite elonga- 
tion of a part of the plant when, in addition to the rate of growth and 
the length of the growing region, the 


duration of growth is known. The size 
of the plant, which, as is well known, 
depends in various ways on external 
conditions and yet is a specific character, 
is determined by variations in these 
factors. A definite size belongs to the 
specific properties of an organism just as 
much as the form of its leaves, etc. ; 
further, the whole organisation of the 
plant is such that it involves a particular 
size. 

III. The Factors of Development 

In attempting to determine the factors 
which influence development it is necessary 
to treat of examples which show in charac- 
teristic fashion the effect of particular 
factors. Completeness, either in the 
enumeration of the factors or as regards 
their influence, is out of the question. 
As in other cases, the factors may be 
divided into the two groups of external 
and internal factors. 



Pin. 255.— The distribution of growth 


in the root-tip of VuHa Faba. I, 
A. External Factors The root-tip divided by marking 


All the forces and substances which 
have been seen to be physiologically 
effective in the metabolism, or which 
play a part in movements, are among 
the external factors of development. 


with india-ink into 10 zones, each 
1 mm. long. II, The same root after 
twenty-two hours ; by the unequal 
growth of the different zones the 
lines have become separated by un- 
equal distances. (After Sachs.) 


Certain external factors have already been mentioned (p. 203) 


as indispensable conditions of life ; in the absence of these no 
development takes place. In addition to this general (formal) 
significance these factors have other effects on growth. On the one 
hand variation in the intensity of these factors usually calls forth 


definite quantitative changes in the course of growth, the so-called 


growth-reactions (cf. p. 305). On the other hand, modifications in the 
intensity, and also in the quality or the direction, of the factors may 
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result in qualitative changes in the growing organs of the plant. 
These qualitative or formative influences find expression in two ways. 
They may be morphogenetic, influencing the resulting construction. 
They are further necessary to many organisms by determining the 
beginning of various phases of the developmental history, e.g . the 
commencement of development, the polarity, the general relations of 
symmetry, the cell-differentiation, the reproduction, etc. 

1. Temperature ( 86 ). — As in the case of metabolism it is found that 
a certain temperature is a necessary formal condition of growth. 

There is complete cessation of growth at a temperature less than 
0° or higher than 40°-50° (cf. p. 203). Between the minimum and 
maximum temperatures, at which growth ceases, there lies an optimum 



Fig. 256 .— Dependence of growth on temperature. (After Talma..) The abscissae give the 
temperatures. The curves give the growth of the roots of Lepidium sativum ; the black line 
in 3 1 hours ; the broken line in 7 hours ; and the dotted line in 14 hours. With the duration 
of the experiment the optimum shifts to lower temperatures. 

temperature at which the rate of growth is greatest (Fig. 256). This 
optimum temperature usually lies between 22° and 37° C. Plants, 
inhabiting different climates exhibit considerable differences in regard 
to the cardinal points for temperature (cf. p. 204). The single 
individual of a particular species may make varying demands on the 
temperature during the successive stages of its development. Thus 
it may be impossible to regard any particular temperature as the 
optimum, without qualification. The seedlings of grasses, for example, 
succeed at temperatures which would seriously harm the plants when 
ready to flower. High temperatures which accelerate growth may, 
if prolonged, act injuriously on the development (cf. Fig. 256). 

In tropical plants’ the minimum temperature may be as high as 4-10° C., while 
those of higher latitudes, where the first plants of spring often penetrate a covering 
of snow, as well as those of the higher Alps and polar regions, grow vigorously 
at a temperature but little above zero. Many of our spring plants show that 
the opening of their flowers can take place at a lower temperature than the unfolding 
of the foliage leaves. 
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2. Light ( 87 ). — Light is not so generally an indispensable condition 
of development as the temperature is. There are plants (Bacteria, 
Fungi) which can complete their whole development normally in 
darkness. On the other hand there are organs for which at least a 
transient illumination is necessary. It has been 
seen that certain seeds and spores only commence 
their development after they have had a short 
exposure to light. Plants which normally live 
in the light cannot continue their development 
unless they are exposed for periods to light. 

Light is indeed, as has been seen, essential for 
the construction of important materials for 
growth. Only those plants that are richly 
provided with reserve materials (seeds, rhizomes) 
are able to grow without light for longer 
periods. Even then they assume abnormal 
forms which have now to be considered ( 88 ). 

If seeds of the White Mustard are sown in two 
pots, one of which is kept in the light and the 
other in darkness, the plants after a time exhibit 
the appearances represented in Fig. 257. The 
complete darkening has resulted in plants of 
a quite peculiar appearance. This phenomenon, 
which is known as etiolation, comes about by 
the growth of some organs being unduly 
favoured and of others greatly retarded. The 
stems of Dicotyledons become unusually 
elongated, also soft and white in colour. The 
leaf -stalks are also lengthened, while the leaf- 
blades are small and remain for a long time 
folded in the bud (Fig. 257). Since in darkness 
the yellow pigments are formed but not the green 
pigments, the leaves of etiolated plants are fig. 2o7.~ Two seedlings of 
yellow. Etiolation also occurs in some non-green s inapis aitn of equal age. 

, , E, Grown in tlie dark, 

plants ; thus some cap-fungi m the dark show etlolated ; n, grown in 
considerable elongation of the stalk while the ordinary daylight, normal. 

i The roots bear root-hairs. 

cap is abnormally small. (After Noll } 



There are considerable differences in the anatomical 
structure between normal and etiolated plants. The tissues in the latter are 
little differentiated and thickened cell are wanting. 

The elongation of certain organs and simultaneous reduction of others has 
an ecological significance in nature in the case of seedlings and rhizomes which 
are growing in the dark. The parts which are functional only in the light remain 
at first undeveloped, and the constructive material for them and especially for 
the chlorophyll is economised. The great elongation of the other organs, which 
is mainly dependent on an accumulation of water, brings the parts that need it 
as soon as possible into the light. 



286 


BOTANY 


PART I 


Comparison of an etiolated plant with one grown in the light shows 
that the influence of light is not the same on all organs ; it may 
either increase or arrest the growth. While, however, the action 
of light in arresting the growth of the stem increases with the 
intensity, the increase of the growth of leaves due to the light has 
a limit ; the leaf attains its maximal size in light of moderate intensity. 
It is a one-sided view of the growth in length of the stem, and the 
resulting height of the plant that is expressed by the statement, 
“ the effect of illumination is to retard growth.” 

When the effect of various intensities of light on the growth of an organ is 
more accurately investigated it is found that an increase in the strength of the 
light does not at once arrest growth but exerts first a transient favouring influence. 
In a corresponding way a diminution in the intensity of the light first exerts an 
arresting influence and then the anticipated increase of growth takes place. The 
transient effects in both cases, however, do not influence the ultimate length ; the 
organs grown in the stronger light are invariably smaller. 

Even without going to the extreme of complete darkness, various intensities of 
illumination may have far-reaching formative results. These are most accurately 
shown by the results of Klebs’ studies on fern prothalli. He found : 1. In weak 
light (osram lamp of 27 metre candles) the prothalli frequently form unbranched 
filaments, 2 mm. in length, but without any cell - divisions. 2. In somewhat 
stronger light the form of the young prothalli is the same, but transverse walls 
are formed. 3. In light of about 250 metre candles the filament is replaced by a 
flat expanse of cells ; with the proper illumination even the second cell of the young 
prothallus can proceed to give rise to a cell-layer. 4. Lastly, in light of 500-1000 
metre candles, small masses of cells are formed. 

Further formative results from different intensities of light are shown in the 
form and structure of foliage leaves (cf. p. 107). Shade-leaves have a very different 
structure from the leaves of the same species developed in full sunlight. They 
are thinner, their palisade cells narrow below, leaving wide intercellular spaces 
between them, and form only a single layer ; in sun-leaves the palisade cells are 
longer and form several layers. 

Alpine plants, the illumination of which differs in duration, intensity, and 
composition from that in the plains, differ in their whole habit from lowland 
plants. Their vegetative organs are contracted, while the flowers are large and 
brightly coloured. Other factors than light are concerned in this change. 

In cases where two types of leaf are produced in the course of development, as 
in Campanula rotundifolia and some water-plants, the juvenile leaves appear to 
be associated with weak light and the later type of leaf with light of a higher 
intensity (p. 306). 

The effect of the various rays ( 89 ) of which white light is composed 
is not the same. It is especially the blue and violet rays of short 
wave-length that are effective when light arrests growth in length. 
The red rays, on the other hand, have the same effect as darkness. 

In the case of fern-prothalli growth is favoured by red light as it 
is by darkness, but cell-division is arrested ; on the other hand, the 
blue and violet rays arrest the growth but promote cell-divisions. 
Such differences in the effects of light are to some extent compre- 
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hensible when it is borne in mind that light acts not only as a stimulus 
but as a source of energy. Ultra-violet light has a harmful effect on 
the plant. Eadium- and Rontgen-rays have an inhibitory effect on the 
processes of growth but, like poisons (p. 289), may in small amounts 
favour growth ( 90 ). 

In addition to the intensity and quality of the light, its direction 
has a great effect on the form of the plant-body. One-sided illumina- 
tion leads to curvatures (phototropism, cf. p. 350), but light has also 
an influence on the polarity (cf. p. 293) and symmetry of the plant. 
Thus, for example, a radial growing point may become bilateral or 
dorsiventral when illuminated from one side. Even an organ which 
has long passed the embryonic stage can thus become dorsiventral in 
so far as it only produces roots on the shaded side (shoots of Ivy and 
other root climbers). When the external symmetry has been altered 
experimentally the internal structure is also affected. 

Antithamnion cruciatum , one of the Florideae, forms decussately-arranged 
brandies when in diffused light ; on one-sided illumination the branches all stand 
in one plane at right angles to the direction of the rays. Further examples of 
dorsiventrality induced by one-sided illumination are afforded by the branches of 
many Mosses, the thalli of most Liverworts, and the prothalli of Ferns ; these 
structures in the absence of such illumination are sometimes radial and in other 
cases bilaterally symmetrical. In fern prothalli and the thallus of Marchantia 
the dorsal side is determined by the stronger illumination. In the case of the 
prothalli, when the lower side is illuminated, the new growth is adapted to the 
altered direction of the light and the former upper side becomes the lower ; in the 
Marchantiaceous thallus, on the other hand, the dorsiventrality once induced 
cannot be changed. 

3. Gravity. — A plant can readily be removed from the light but 
gravity is always acting upon it. It is only possible to change the 
direction of its action. When the direction of the action of gravity 
coincides with that of the main shoot and root of the plant no effect 
is perceptible ; when it forms an angle with the line of these organs 
curvatures are produced (see Geotropism), as in the case of illumina- 
tion from one side. Gravity can also, as in the case of light, transform 
radially-constructed into dorsiventral organs. 

This is shown, for example, by the foliage buds of Tojchs baccata , which only 
become dorsiventral under the one-sided action of gravity. The same holds for 
some zygomorphic flowers. Only under the one-sided orientating influence of 
gravity are the flowers of Hemtrocallis fulva and Epilobium augustifolium dorsi- 
ventral ; if the one-sidedness of the influence is removed the flowers become radial. 

The formation of tissues may also exhibit a difference on the upper and lower 
sides of an organ that is due to gravity. A horizontally growing branch of a 
Conifer grows in thickness more strongly below than above and becomes excentric ; 
this phenomenon is termed hypotrophy. The converse phenomenon, epitrophy, is 
often met with in Dicotyledonous trees ( 91 ). 

4. Mechanical Influences. — Pressure and traction exert a purely mechanical 
influence upon growth, and also act as stimuli upon it. External pressure at first 
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retards the growth of the cell and ultimately arrests it. Since, however, the 
growth in surface of the cell-wall continues, the tension of the cell- wall ultimately 
disappears. When this process is complete the whole internal pressure of the cell 
is effective against the external resistance, and in many cases the osmotic value of 
the cell-sap is also increased. In this way roots may break open rocks. If the 
resistance of the body exerting the pressure cannot be overcome, the plasticity of 
the cell-walls renders possible a most intimate contact with it ; thus, for instance, 
roots and root-hairs which penetrate a narrow cavity fill it so completely that they 
seem to have been poured into it in a fluid state. It would be natural to suppose 
that the effect of such a tractive force as a pull would accelerate growth in length 

by aiding and maintaining] turgor 
expansion. But the regulative control 
exercised by the protoplasm over the 
processes of growth is such that the 
pull first acts as a stimulus upon 
growth to retard it, but then causes an 
acceleration of even 20 per cent. 

Other actions of mechanical influ- 
ences as stimuli may be mentioned. 
Lateral roots arise only from the 
convex sides of curved roots (Fig. 
258), the cause lying probably in the 
differences of tension between the 
two sides. The primordia of the 
haustoria of Cuscuta and the adhesive 
discs on the tendrils of some species 
of Parthcnocissus (Fig. 203) are caused 
to develop by the stimulus of 
CONTACT. 

5. Chemical Influences. — 

The presence of the necessary 
nutrient substances in sufficient 
Young plant of Lupin, the main root of quantity and the absence of 

poisonous substances are formal 
conditions for growth. While 
it is known that particular, 
essential, nutrient materials are not replaceable by an excess 
of others, some substances may be of special importance in par- 
ticular processes. Since elongation is essentially due to the intro- 
duction of water, the significance of the water supply to a growing 
plant is obvious. Only the turgescent plant grows. Growth often 
ceases when there is not sufficient water in the soil. Dwarf plants 
(p. 161) often arise in dry soils ( 92 ). The water can often be taken 
from older parts, which then dry up while the tips of the shoots 
continue to grow, e.g. a potato sprouting in a cellar. Some plants 
can store water, and are therefore more independent of its direct 
absorption ; they grow at the expense of the stored water. 

The form and structure of plants may also be profoundly modified 
by the humidity of the air. When the atmosphere is damp the 



Fig. 258, 

which has become curved. The lateral roots 
have arisen on the convex faces of the curves. 
(After Noll.) 
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internodes and petioles tend to be long, the lamina large, thin, and 
with an entire margin ; hairs are little developed and the differentiation 
of the tissues is not marked. There are thus in a number of respects 
similarities to etiolated plants. Local gorging of the tissues with 
water, as may result from the arrest of transpiration due to a coating 
of paraffin oil, leads to an increase in size of the cells and the formation 
of intumescences. In dry air, on the other hand, anatomical differentia- 
tion is well marked, the cuticle is strongly developed, collenchyma, 
sclerenchyma, and the vascular tissues are increased. There thus 
arise useful changes (adaptations) which have as a result the promotion 
of transpiration in moist air and its arrest under dry conditions. 

A striking stimulus -effect results from permanent contact with 
liquid water in such plants as can endure this. This is doubtless the 
result of the combined effect of a number of factors and not simply due 
to the material effect of the water. Thus the arrest of transpiration, the 
change in the illumination, and the supply of oxygen are of importance. 

Amphibious plants, that is such as are capable of living both upon land and 
in water, often assume m water an entirely different form from that which they 
possess in air. This variation of form is particularly manifested in the leaves, 
which, so long as they grow in water, are frequently linear and sessile or finely 
dissected, while in the air their leaf-blades are much broader and provided with 
petioles (cf. Fig. 135). The leaf-stalks and internodes also often exhibit a very 
different form in air and water, and undergo the same abnormal elongation as in 
darkness. This is especially noticeable in submerged water plants, whose organs 
must be brought to the surface of the water (stem of Hippuris , leaf- stalk of 
Nymphaca). Such plants are enabled by this power of elongating their stems or 
leaf- stalks to adapt themselves to the depth of the water, remaining short in 
shallow water and becoming very long in deep water. 

The water- forms also differ from the land -forms in their internal structure. 
Thickened cell-walls are frequently absent from the stem, and the vasculai bundles 
are reduced; the leaves resemble shade -leaves. The most marked contrast to 
water-plants is presented by such land-plants as are exposed to insufficient water 
supply or too active transpiration. In these the \ ascular bundles are strongly 
developed, while the epidermis has the arrangements which have been considered 
under the means of protection against excessive transpiration. 

In addition to the true nutrient materials which are employed 
in the construction of the substance of the plant, oxygen requires to 
be mentioned. Although its entry into the plant is connected with a 
loss of organic substance, it is quite indispensable for growth on 
account of the need of respiration. In aerobic plants at least, growth 
ceases completely on the withdrawal of oxygen ; a diminution or 
increase of the proportion of oxygen in the air also influences growth. 

Stimuli of the most various kinds proceed from other substances 
acting on the plant ( 93 ). 

Poisons must first be mentioned ; these are substances which in very dilute 
solutions arrest growth and ultimately life. Thus even in a dilution of 1 in 
100,000,000 copper sulphate kills such Algae as Spirogyra and also peas in water - 

TT 
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cultures. It is a striking fact that many poisons when in extreme dilution have 
a stimulating effect on growth and determine a more efficient utilisation ol* other 
food materials. Chemical stimuli due to other substances play a large part in the 
germination of many seeds, spores, and pollen-grains, and in the development of 
fruits. Some pollen-grains only germinate when they obtain traces of substances 
which are present on the stigma. Many parasitic fungi and also parasitic 
Phanerogams ( Orobanche , Lathrea ) are stimulated to develop by unknown substances 
proceeding from their hosts. 

6. Influence of Foreign Organisms. — Fungi and Bacteria living 
parasitically in flowering plants often cause profound deformations 
that are known as galls (° 4 ). In the simplest cases there is merely a 
hypertrophy of cells, while in more complex ones there are qualitative 
changes in the organ. Still more striking gall-formations are caused 
by animals, especially insects. Outgrowths form, which serve the 
parasites for protection and food. The structure of the gall appears 
purposive when considered from the side of the parasite, the protective 
layers and nutritive layers of the gall being without significance for 
the plant. 

Euphorbia Cyparissias , when attacked by a rust fungus (. Aecidium Euphorbiae ), 
becomes sterile, remains unbranched, has shorter and broader leaves, and in its 
whole appearance is so changed as scarcely to be recognisable. Plant-lice some- 
times cause a flower to turn green, so that instead of floral leaves green foliage-like 
leaves appear. Another peculiar example of abnormal growths is afforded by the 
galls or cecidia produced on plants by fungi, or more frequently by insects, 
worms, and arthropods. The effect of these formations on the noimal development 
of the tissues of a plant is more or less disturbing, according to their position, 
whether it be in the embryonic substance of the growing point, in the tissues still 
in course of differentiation, or finally in those already developed. Galls which are 
products of abnormal tissue- formation are termed histoid, while organoid galls 
depend on the transformation or new- formation of members of the plant body. 
The latter are especially instructive. The larvae of Cecidomyia rosaria live in the 
growing points of Willow stems, and occasion a malformation of the whole shoot 
by the production of galls, known as “ willow* roses," which are composed of 
modified leaves and axes. Flies (Diptera) often deposit their eggs in the tissues of 
partially-developed leaves, in consequence of which the leaves become, according 
to their age when attacked, more or less swollen and twisted. After the leaves of 
the oak have attained their full growth they are often stung by a gall-wasp of the 
genus Cynips. The poison introduced by the sting, and also by the larvae hatched 
from the eggs deposited at the same time, occasions at first only a local swelling of 
the leaf tissue, which finally, however, results in the formation of yellow or red 
spherical galls on the lateral ribs on the under side of the leaf. 

Symbionts (cf. p. 259 ff.) may influence one another formatively. 
This is seen, for example, in Lichens. 

It is probable that, in addition to the wounding, chemical substances 
play an important part in the influences exerted by one organism on 
another. It is true that only in rare cases have deformations 
resembling galls been brought about by the action of dead substances 
extracted from the normal inhabitant of the gall. Parasites which 
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do not give rise to galls probably act on the host plant by poisonous 
substances. On the other hand, the host plant by forming anti-bodies 
may injure the parasite or prevent its entrance. Thus Heinricher 
has shown that some kinds of pear-tree are readily infected by the 
mistletoe and others only with difficulty ; he has also shown that 
probably one infection by the parasite renders the host more resistant 
to artificial infections. There are thus phenomena of immunity in 
the vegetable kingdom, though they have not been nearly so thoroughly 
investigated as in the case of animals ( x> ). 

7. Survey of the External Factors. — It has been seen that 
numerous external factors influence the plant; in the simpler cases 
they only affect the rate of growth, while in more complicated ones 
the influence extends to the resulting form. We tend to regard the 
form of a plant as usually met with in Nature as the normal form. 
Deviations from this, that arise under the influence of external 
conditions, are spoken of as modifications of the normal form. It is 
clear, however, that the normal form itself is also the expression of 
definite external factors, those to which the plant is customarily 
exposed during its development. In other words, the same laws 
govern both the normal form and the modifications. The modification, 
like the constellation of conditions under which it appears, is unusual. 
While some of these changes in the plant are indifferent or even, as in 
the case of galls, are only of value to the organism giving rise to the 
alteration, many of the reactions of a plant to external stimuli are 
beneficial to the plant. This is the case, for example, in the excessive 
elongation in etiolation, the characteristic construction of amphibious 
plants in water and on land, the protections against excessive transpira- 
tions in plants of dry habitats, etc. These are all useful reactions or 
adaptations. Why the plant frequently reacts in this way cannot 
be further considered here (cf. p. 196). In contrast to such adaptations 
the modifications which are useless or injurious to the plant are 
termed malformations or pathological formations. 

B. Internal Factors 

When a change occurs in an organism while all the external factors 
remain constant it must be referred to internal factors. The latter 
cannot be so readily analysed as the external factors, so that the 
reference of phenomena to internal factors is frequently little more 
than a statement of our ignorance. 

1. Determinants. — The determinants which a plant has derived 
from its parents are the first internal causes to be mentioned; it is these 
that lead to the regular origin of a particular fungus from a fungal spore 
or of a bean-plant from a bean-seed. In particular they determine the 
agreement of all the individuals of any species, when under the same 
external conditions, in such characters as the colour of the flower, 
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form of the leaf, size, etc. It is not as a rule possible to experimentally 
alter the determinants possessed by a species, and they cannot be 
ascertained by direct observation. Genetic experiments are needed to 
afford any insight into them. On this account further consideration 
of them may be deferred until heredity is treated later. 

2. Form and Size of Cells and Cell-Division. — Since protoplasm 
is a liquid, the normal form of a naked cell is a sphere and this is often 
met with in unicellular organisms. Deviations from the spherical form 
are, however, frequent in these and become the rule when cells are 
associated to form a tissue. Mechanical pressure and tension and 
especially surface tensions give rise to profound alterations of the 
spherical shape. No causal mechanical explanation of the great variety 
of cell-form in plants is as yet possible, largely because so little is 
known of the important factor of the specific structure. 

The theories bearing on the determination of the position of new 

walls in dividing cells are 
closely connected with the 
recognition of the fact that 
protoplasm is a tenacious fluid. 
It has long been observed that 
the position of the new cell- 
walls shows a striking similarity 
to the behaviour of weightless 
liquid films such as those* of 
soap bubbles. The latter tend 
to contract to the least pos- 
sible surface, and therefore are 
inserted as nearly as possible 
at right angles on the walls 
already present. In spite of the great similarity between the arrange- 
ment of cell- walls on the one hand and of surfaces of minimal area on 
the other, it would be unsafe to conclude that the same causes 
determine the position in the two cases, for the cell-wall is never 
fluid. 



Fig. 259.- 


-Diagrammatic representation of agrowing 
point. (After Sachs.) 


The principle of the rectangular intersection of cell-valls is strikingly shown 
in the growing points of phanerogamic plants. In these, as is shown in Sachs’ 
diagram (Fig. 259), the cell-walls form two systems of parabolas which have a 
common focus and intersect at right angles. The one system (Fig. 259 L VI) runs 
more or less parallel to the surface of the growing point ; these cell-walls arc 
termed periolinal. The walls at right angles to these (1-11) are termed 

ANTICLINAL. 

The growth of the coll once started does not always proceed 
uniformly. Some algal cells ( Vaucheria ) or fungal hyphae ( Sap'olegnia ) 
continue to elongate by apical growth. In the great majority of cases, 
however, there is a limit to this, and when a certain size has been 
exceeded the normal mass of the cell is regained by cell-division. 
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Among higher plants also there are cells, such as the laticiferous tubes 
of the Euphorbiaceae which can continue to grow for years and attain 
a considerable length without undergoing cell-division. It is thus 
impossible to regard cell-division as necessarily following growth. 
What the factors may be that determine whether cell-division shall 
occur or not in particular cases is unknown ; they belong to the 
group of numerous internal factors that determine development ( 96 ). 

The size attained by cells must also be related to the internal 
conditions. If various species of plants are compared as regards the 
size of their cells it is found that a mean measurement is characteristic 
and is determined by heredity. Kecent researches have disclosed the 
important fact that the nuclear mass contained in a cell has frequently 
a connection with the size of the latter. It has proved possible in a 
number of cases to obtain cells with nuclear masses that are twice, four 
times or more that of the normal nucleus. In many cases all the cells 
derived from such a cell were considerably larger than normal and the 
increase in size appeared to be definitely connected with the condition 
of the nucleus ( 97a ). 

It was Sachs who first called attention to the great importance of the size of 
tho cells for the organisation and construction of the plant. He pointed out that, 
111 comparison with the enormous differences in size of different plants, the differences 
in size of cells were much less ( m ). While, for example, the size of a bacterium and 
that of Sequoia are as 1 : 100,000,000, the ratio between the cell-sizes of the two 
organisms is only about 1 : 30. Plants of very different sizes are thus constructed 
of cells which differ much less in size than might have been anticipated. 

3. The structural organisation of the developing cells may be 

of fundamental significance for the development. The egg from which 
the plant proceeds may be so constructed that all portions of its 
protoplasm are equivalent and that it possesses no definite structure to 
determine the typical development. On the other hand there may be 
already present in the egg-cell a definite organisation connected with 
the parts of the future plant. Which of these two possibilities holds 
for a particular plant can only be determined experimentally. For 
the egg of the sea-urchin, a favourable animal type for investigation, 
the first of the two alternatives stated above holds ; the embryo can 
develop to a normal whole animal when parts of it have been detached. 
Something similar has been found in the early developmental stages 
of marine algae, e.g. Fucaceae. A decision on this point is hardly 
possible in the case of the higher plants in which the embryo, enclosed 
in the ovule, is not accessible to experimental interference. Further 
light on this group of questions can only be sought experimentally by 
investigations on restitution and polarity. 

(a) Polarity. — By polarity is understood the property of the plant 
which determines the contrast between base and apex. In higher 
plants the polarity is already determined in the egg-cell and once 
established persists throughout the development. The fertilised egg 
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proceeds to form two distinct growing-points one of which develops as 
the root and the other as the shoot of the embryo plant. A corre- 
sponding polar differentiation establishing base and apex is met with in 
simply constructed plants. In some cases an external factor deter- 
mines which portion of the young plant will become the base and 
which the apex. Thus in the germination of the spores of Equisetum , 
the position of the first segment-walls, and thus the polarity, is deter- 
mined by the direction of the incident light. A corresponding effect 
^ of light on polarity is shown by the eggs of Fucus and 
Dictyota. The influence of gravity on the polarity of 
plants has been frequently investigated. It has never 

been found possible, how- 
ever, by inverting a plant 
to transform the shoot into 
a root and conversely. 
Even the polarity in the 
undifferentiated egg cannot 
be thus altered by gravity. 
It is evidently determined 
by internal causes, and 
gravity can only exert a 
modifying effect (° 8 ). 

While thus in some 
cases an external factor 
may determine which parts 
of a young plant shall 
become base and apex, in 
all the higher plants the 
polar growth is a specific 
character dependent on 
?ig. 260. — Twigs of Willow : 1, m the normal position ; internal causes. It is as 

in the inverted position growing m a moist chambei . impossible to cause an 

(After vochtino.) apolar alga to exhibit 

molarity as to render a higher plant apolar or to invert its usual 
polarity. 



If twigs of Willow are cut and suspended in a ruoist chamber roots form near 
,o the lower end, while only the buds situated near the other end expand into 
hoots (Fig. 260, 1). If the twig is hung in the inveited position it is the 
sorresponding buds at the end which is now lowest which still give rise to shoots, 
vhile the strongest roots are produced near to the lower end which is now upper- 
nost (Fig. 260, 2). This experiment shows that internal causes mainly determine 
he contrast of the two poles. Since, however, in the inverted position there is a 
lisplacement downwards of root- formation and upwards of the unfolding of the 
►uds gravity must also play a part. It has, however, in no case proved possible 
o effect a complete and lasting inversion of the polarity of a plant in this way ; 
irhile such inverted plants may live for a considerable time, they exhibit serious 
isturbances in their anatomical construction ("). An effect of gravity on the 
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internal disposition is also seen in the case of obliquely or horizontally placed 
branches. The tendency of the internal disposition is to cause the uppermost 
buds to develop and give rise to long shoots. On branches displaced from the 
vertical the basal buds are favoured and the more apical buds arrested. When 
the branch is curved the strongest branches arise at the highest point of the 
curve. In the cultivation of vines and fruit trees this peculiarity is utilised to 
produce shorter and weaker shoots (short shoots), which experience has shown 
are those that bear the flowers. 

The polarity once it has been defined in the egg-cell is on the whole maintained 
throughout growth. In some plants, however, it can be seen to be altered from 
internal causes. Thus in species of Platyccrium and Adiantum among the 
Ferns and in Neottia nidus avis among the Orchids, shoots are formed directly 
from the growing points of roots. In the Adder’s-tongue Fern ( Ophioglossum ) 
the vegetative reproduction depends entirely on the formation of buds close to 
the growing points of the roots. The apices of some fern leaves also (e.g. Adiantum 
Edyewortkii) may grow directly into a shoot. 

(b) Restitution ( 10 °). — The normal development with all its phases 
takes place even when the external factors remain completely constant. 
It is natural to enquire whether this is due to each part of the embryo 
bearing within it its future determination (theory of germinal districts); 
or whether, while the nucleus of the germ-cell contains the totality of 
the determinants for the whole organism, in the nuclear divisions of the 
embryo these determinants are distributed in a mosaic-like way to the 
resulting cells (theory of differential divisions) ? In this case the 
mature cells of the various organs would only contain the particular 
determinants for the latter. Lastly, do all the cells of the body, like 
the germ-cell itself, possess the power of producing the entire organ- 
ism ? On questions like these the facts regarding restitution throw 
some light. 

By restitution is understood the new-formation of organs which 
as a rule follows the mutilation of a plant, and can take place in 
situations where no active growth would have been manifested in an 
uninjured plant. Two types of restitution may be distinguished 
according to whether the new development occurs at the wounded 
surface or at some distance from this. 

The production of the lost organ from the wounded surface, 
though not uncommon in lower plants such as algae and fungi, 
is of very restricted occurrence in the higher plants. Only tissues 
that are meristematic or embryonic, and by no means all of these, 
are capable of this. It is most frequently seen in the growing 
point of roots ; when the tip is removed by a transverse cut, if this is 
not more than 0*5 mm. from the tip, it may be again formed. A 
longitudinally-split root-tip tends to complete itself in such a way as 
to give rise to two growing points. This type of restitution does not 
occur at the growing points of shoots, and is very rare in the case of 
leaf-primordia. 

Another typo of restitution, on the other hand, is widespread among 
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plants. In this case an organ which has been lost is replaced either by 
the formation of a new one in the vicinity of the wound or the 
outgrowth of one which was in a rudimentary condition. Examples 
of this type of restitution are afforded by the algae and fungi, and 
especially by bryophyta. These can only be mentioned here, and 
consideration will be limited to the flowering plants. The capacity 
to form roots is especially widespread. In geraniums, willows, 
and many other plants, roots can be induced to form at any point 
on shoots separated from the plant. In other plants the roots develop 
at particular places such as the older nodes. After roots have developed, 
the stem gives rise to a complete plant either by the unfolding of 

axillary buds or by the development of 
new growing points of shoots. Separ- 
ated leaves are often able to form 
roots, though the power of giving rise 
to a new shoot is rarely connected with 
this. Even separated roots, when they 
are able to give rise to buds, may 
regenerate new plants. Regenerative 
buds may also arise on tendrils, 
flowers, and fruits. 

If the growing 
point of a flowering 
plant is destroyed a 
new growing point 
maybe developed from 
the meristem above 
the youngest leaf- 
Fio. 261.— Transverse section of the leaf of Heyonia showing the primordilim. While 
development of an adventitious shoot from an epidermal cell, the restitution is here 
a, The epidermal cell has divided once; b, a multicellular , • , . 

meristem has been produced, (x 200. After Hansen.) TCStl ICtCCi tO meil- 

stematic cells, in other 

cases older fully-grown cells may recommence to grow and divide 
and thus return to the meristematic condition. A special tissue, 
called CALLUS, is thus first formed at the wounded surface, and new 
shoots may form within this. In yet other cases fully-grown 
epidermal or parenchymatous cells may give rise to growing 
points directly, i.e. without the formation of callus. Fig. 2G1 shows 
the origin of a shoot from an epidermal cell of a leaf of Begonia. 

Tissues may also be regenerated from mature parenchymatous cells. Thus 
when the conducting tracts are interrupted new vessels may be formed from the 
parenchyma and re-establish the connection. The tissues which have been removed 
or interrupted are, however, not always formed anew ; frequently substitutionary 
growth takes place. Thus, as a rule, an epidermis is replaced by cork, and it is 
exceptional for a true epidermis with stomata to be regenerated. 

The new-formation of epidermis, which occurs in the normal course of develop- 
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ment in certain Araceae with perforations in their leaves, may be referred to here. 
In Monstera delieiosa particular limited regions of the laminae of quite young leaves 
die. Around these spots the mesophyll divides and forms from the outermost 
layer of cells a secondary epidermis, clothing the perforations and connecting with 
the primary epidermis of the upper and lower surface of the leaf. 

In addition to the fact that restitution occurs, the question as 
to where this takes place is of interest. The polarity which exists 
in the intact plant is frequently manifested in restitution. Thus 
shoots tend to appear at the apical end and roots at the basal end 
of portions of stems, while the opposite distribution is found in roots. 
In more lowly-organised plants polarity is often apparent in the 
restitution process, as when each of the single cells separated from a 



Fig. 202.— Leaf of Begonia used as a cutting and bearing restitution shoots. (After Stoppet..) 

Cladophora forms a colourless rhizoid at the base and a green filament 
at the apical end. 

This contrast of base and apex does not appear in restitutions 
from foliage leaves ; this may be connected with the fact that the 
leaf is not included in the new formation. Frequently a new plant 
arises at the base of the leaf, which then dies off. Sometimes the new 
formations proceed from the general surface of the leaf ( Torenia ), but 
frequently the place of their origin can be determined by cutting the 
lamina, the new plants forming above the incisions (. Begonia , Fig. 
262 ) ( 101 ). 
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The phenomena of restitution have great importance in horticulture, since 
they allow of plants being rapidly multiplied without the aid of seeds. In 
artificial reproduction detached pieces of plants are made use of for the purpose of 
producing fresh complete plants. In many cases this is easily done, but in others 
it is more difficult or even impossible. The simplest method is by means of 
cuttings, that is, the planting of cut branches in water, sand, or earth, in 
which they take root (Oleander, Pelargonium , Tradescantia , Fuchsia, Willow, etc.). 
Many plants may be propagated from even a single leaf or portion of a leaf, as, 
for instance, is usually the case with Begonias. In other cases the leaves, while 
still on the parent-plant, have the power to produce adventitious buds ( Bryophyllum ). 
The Dandelion ( Taraxacum ) possesses the capability of developing from small 
portions of the root. 

4. The Phenomena of Correlation ( 102 ). — The phenomena of 
restitution show that not only the cells of the embryo but even fully 
grown cells of the body of the plant are capable of reproducing the 
whole organism. The cells of a plant are thus totipotent, resembling 
the germ-cells in this ; and not unipotent. The most fundamental 
problem of developmental physiology is in what way the totipotent 
cells are induced to develop only a small proportion of their potential- 
ities (or determinants). From every cell of a growing point the whole 
organism could develop. It is the mutual connections or correlations 
between the cells that lead to the lines of development followed by 
this and that cell. When these connections are removed it has been 
seen in the phenomena of restitution (p. 295) how cells exhibit quite 
other capacities than those they had previously shown when .in 
connection with one another. This applies to mature as well as 
meristematic cells when their connection with neighbouring cells is 
interfered with. Thus it has been seen how fully grown cells that 
would soon have perished again become young, and how, for example, 
from a single epidermal cell all the various cells characteristic of the 
particular plant can be derived. It is clear that an organism in which 
such mutual action of the cells was lacking could not exhibit the 
division of labour that is customary in the higher plants. In other 
words correlations must be included among the “ regulations ” without 
which the organism is inconceivable. 

Such correlations exist between the externally visible organs of a 
plant as well as between its cells. This, if not as a rule evident, 
becomes apparent when an organ is removed and the reactions of the 
isolated organ and of the plant from which it was taken are studied, 
or when an organ is experimentally brought into a position it did not 
previously occupy. 

The first result of the removal of an organ may be the appearance 
of so-called compensations ; other remaining organs become larger. 
The leaves which arise at the growing point prevent older leaves 
attaining their maximal size, and if the growing point is removed the 
size of the leaf may be increased ( e.g . in the tobacco plant). The 
active development of some of the axillary buds hinders that of many 
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others ; if the dominant shoot is removed the resting buds commence 
to grow. The conclusion may be drawn that, even in normal develop- 
ment, the size of the organs is determined by correlative influences 
from neighbouring organs. 

In other cases a qualitative effect follows the removal of an 
organ. If the tip of a Pine is removed, its place is taken by one of 
the adjacent lateral branches, which assumes the erect position and 
shows the same leaf -arrangement as the original main shoot. It 
appears that the usual oblique position and dorsiventral arrangement 
of the foliage on the lateral branches comes about under the influence 
of the main shoot. In this and many other cases of correlative 
influence it is not necessary that the organ should be removed ; as a 
rule it is sufficient to interfere with its normal function, as for example, 
by embedding it in plaster of Paris. 

As a further example of the mutual influence of the organs of a plant the 
formation of tubers in the Potato may be considered. As is represented in Fig. 196 
the tubers usually form at the ends of lioiizontal stolons which arise from the 
lower region of the foliage shoot where it is embedded in the soil. The tuber forms 
by marked growth in thickness of the end of the stolon, and cessation of its growth 
in length. If, however, the leafy shoot is removed at the proper time, the ends 
of the stolons grow into erect branches which emerge from the soil and bear foliage 
leaves. The typical development of the Potato can thus be modified so that no 
tubers are formed. On the other hand, tubers can be caused to form at other 
places : for example, at low temperatures the main axis of a particular kind of 
Potato will remain short, and be transformed into a tuber ; in other varieties 
tubers are produced near the summit of the aerial leafy shoots when the tip of the 
shoot is darkened. Boussingaultia basclloides is even more plastic than the 
Potato ; any bud can be induced to form a tuber, and when buds are lacking, 
internodes or roots may swell into tubers. Apparently the production of a certain 
amount of reserve material acts as a stimulus leading to the formation of a storage 
organ. 

It has been shown in considering restitution (p. 295) that new 
roots or shoots may be developed upon isolated organs. Thus, just 
as every cell is originally capable of assuming various forms, so are 
the members of the plant. It is only their mutual influence on one 
another that prevents this. It would be a mistake to think of such 
influences as only negative and leading to arrest of development. It 
is certain that one part of the plant may exert a positive determining 
influence on others. Thus it is extremely probable that growing buds 
determine the formation of conducting tracts in the underlying 
portions of the stem. As another example, the nucleus plays a certain 
part in the origin of the cell-wall. 

The exact nature of such influences is unknown. Recent investigations support 
the assumption that they are often brought about by substances which can pass 
from a region where development is proceeding to other organs. Such substances 
which exercise a determining effect in the formative processes of plants are termed 
Hormones. Their chemical nature is still completely obscure. 
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The effect of correlation is also shown when an organ is trans- 
planted to a new position. By methods of transplantation, which 
have been derived from horticultural practice, it is easy in the case of 
many plants to make a separated part grow in relation to a wounded 
surface. The separated part is termed a graft, while the plant upon 
which it is inserted is called the stock. The graft may be of the same 
species as the stock, or from a related kind of plant. One correlative 
influence which is apparent is the suppression of restitution on the 
part both of the stock and the graft. The latter adopts the root- 



Fig. 263. — Different modes of grafting, 7, Crown grafting ; 77, splice grafting ; 777, bud grafting; 
IV, Stock ; E, scion. (After Noll.) 


system of the stock, while the stock in turn adopts the shoot-system 
of the graft ; there is no necessity for the formation of new organs. 

Artificial grafting, like artificial propagation, plays an important part in 
horticulture. Separated shoots bearing buds serve as the grafts or scions, and are 
caused to unite with a rooted plant as the stock. 

In practice several different methods of inserting grafts are in use, but only the 
more important can be mentioned here. A Grafting is the union of a shoot bearing 
buds with a young and approximately equally-developed wild stock. Both are cut 
obliquely with a clean surface, placed together, and the junction - protected from 
the entrance ©f water and fungi by means of grafting-wax (Fig. 263 II). 2- Cleft 
or tongue grafting is the insertion of weaker shoots in a stronger stock. Several 
shoots are usually placed in the cut stem of the stock, care being taken that 
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the cambial regions of the different portions are in contact, and that the cortex of 
the shoots is in contact with that of the stock.J> In other methods of grafting, the 
cut end of the shoot is split longitudinally and the cut shoot is inserted in the 
periphery, or a graft may be inserted in the cortex or in the side of the stock, i 
In grafting in the cortex the flatly-cut shoot is inserted in the space cut between/ 
the bark and the splint wood (Fig. 263 I). In lateral grafting, the shoot, afteif 
being cut down, is wedged into a lateral incision in the stock. 

^ A special kind of grafting is known as budding (Fig. 263 III). In this process 
r a bud (“ eye ”) and not a twig is inserted under the bark of the stock. The “ eye ” 
is left attached to a shield-shaped piece of bark, which is easily separated from 
the wood w hen the plants contain sap. The bark of the stock is opened by a 
T-shaped cut, the “eye” inserted, and the whole tightly covered. Occasionally 
some of the wood may be detached with the shield-shaped piece of bark (budding 
with a woody shield). In the case of sprouting buds, the budding is made in 
spring ; in dormant buds, which will sprout next year, in summer. 

The union is accomplished by means of a callus (p. 296), formed by both the 
scion and the stock. Vessels and sieve -tubes afterwards develop in the callus, 
and so join together the similar elements of the two parts. Such an organic union 
is only possible between very nearly related plants : thus, for example, of the 
Amygdalaceae, the Plum, Peach, Almond, and Apricot may readily be grafted one 
upon the other; or of the Pomaceae, the Apple with the Quince ; but hot the 
Apple with the Plum, nor (as has been asserted) with the Oak. 

The polarity which is noticeable in phenomena of restitution also influences 
the practice of grafting. Unlike poles of a plant may readily be induced to grow 
together, while like poles may ouly be brought to do so with difficulty, and then 
do not develop vigorously. 

The stock and graft influence one another in a variety of ways. 
For example, portions of annual plants grafted on perennials attain an 
extended period of life ; the opposite effect, a shortening of the life 
of the graft, may also result from grafting. Qualitative changes may 
also be brought about and may go so far as to lead to a vegetative bud 
of the graft becoming transformed into a {lowering shoot. The specific 
properties of the two components are, however, maintained in cases of 
transplantation. Certain cases known as graft-hybrids (chimaeras) 
appear at first sight to constitute an exception to this statement ; fuller 
investigation, however, shows that, while externally they appear inter- 
mediate formations between the symbionts in the graft, no mingling 
of the specific characters has taken place. 

Chimaeras ( 103 ). — Some plants grown in Botanic Gardens under the 
names Laburnum Adami and Crataegomespilus suggest in a number 
of ways comparison with hybrids (p. 314), but have undoubtedly not 
arisen by sexual reproduction, laburnum Adami (Fig. 264) is inter- 
mediate between Laburnum vulgare and Cytisus pmpureus ; it frequently 
develops branches which can only be regarded as “ reversions ” to 
Laburnum vulgare , and less commonly others that completely resemble 
Cytisus purpureas. Certain intermediate forms between Crataegus 
monogyna and Mcspilus germanica are known as Crataegomespilus or 
Bronveaux hybrids. The origin of these is known. The intermediate 
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forms, of which several are known differing from one another, arose in 
the region of a graft of Mespilus on Crataegus in a garden at Bronveaux 
near Metz. It can be regarded as certain that the origin of Laburnum 
Adami was similar. Both plants have therefore been regarded as 
graft hybrids, ie. as hybrids not resulting from the union of sexual 
cells, but by some influence of vegetative cells on one another. 

More recently Hans Winkler has produced such “ graft hybrids ” 
experimentally. He grafted Solanum nigrum , the Woody Nightshade, 
on Solanum Lycopersicum , the Tomato, and after union had taken place 
cut the stem of the stock transversely at the level of the graft. 
Among the adventitious shoots which developed from the region of 
junction of the two components there occurred well-marked inter- 
mediate forms. In the first instance there were forms which were 
composed of longitudinally-united halves with the characters of the 
grafted plants ; these were termed chimaeras by Winkler. Later 
there were obtained other intermediate forms, externally uniform 
(Fig. 265), which appeared to be the desired graft hybrids. Closer 
investigation showed, however, that these also were to be regarded 
as chimaeras, since they consisted of parts of the Tomato and the 
Nightshade intimately united in growth but otherwise unchanged. 
They were not longitudinally-united halves, however, but inner and 
outer layers of the growing point were formed of tissues of the two 
different species (cf. p. 82 and Fig. 265). These have therefore been 
termed pkriclinal chumaeras in contradistinction to the SECTORIAL 
chimaeras in which longitudinal segments are evident. 

Cytisus Adami and the Cratargomespili are also periclinal chimaeras. 
True graft hybrids in which a mingling of the specific characters in a 
single cell has resulted from grafting are as yet unknown. 

Solanum tubingense lias the dermatogen of the Tomato, while the internal 
tissues are those of the Nightshade. The converse is the case for Solanum Kol - 
rcuterianum. In S. proteus the two outer layers are from the Tomato and the 
remainder from the Nightshade, while N. Gacrtnerianum affords the converse 
condition (Fig. 265). In a corresponding fashion the dermatogen in Cytisus 
Adami is derived from Cytisus purpureus and the internal tissues from Laburnum 
vulgare. In one of the Bronveaux hybrids (the form Asniercsii ) a core of Crataegus 
is covered by the epidermis of Mespilus ; the other form ( Dardari ) has two or 
more enveloping layers from Mespilus. When adventitious shoots are developed 
from a single layer, these have the pure specific characters proper to the layer 
without any trace of admixture with the other symbiont. 

Nothing is known with certainty of the mode of origin of periclinal chimaeras, 
but it can hardly be doubted that the growing points of these adventitious shoots 
are composed of cells derived from the two components, the one forming the core 
and the other the surface layers. 

5. Periodic Changes in Development ( 104 » 105 ). — The development 
of the organism does not proceed by continuous growth of a uniform 
activity. Characteristic periodic changes are met with everywhere, 




Solanum nigrum Solanum tubingense Solanum proteus Solanum Solanum Solanum 

Gaertnerianum Knlreuterianum Lycopersicum 

Fig. 265.— Chimaeras between Solanum nigrum and Solanum Lycopersicum together with the parent forms. In each case a lea r , a flower, a fruit, and a diagram of the growing point 
is represented. In the latter the layers derived from 5. nigrum are coloured green, and those from the Tomato yellow. (Original by H. Winkler.) 
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giving rise to phenomena which are closely connected with correlations 
and are frequently classed with them. 

Some examples have already been mentioned. It was noted 
(p. 279) that the embryonic growth did not go on uniformly but had 
an underlying rhythm, and the process of elongation can also proceed 
rhythmically. If, for example, an organ, which has been a long time 
in the dark and is growing fairly uniformly, is continuously illuminated, 
what is called the light-growth reaction is seen ; the previous 
uniform growth becomes alternately slower and faster, giving a series 
of waves in the curve. 

Fig. 266 shows such a curve for the sporangiophore of Phycomyces nitens , a 
fungus often met with on horse-dung. The sporangiophore has been in the dark to 
the point maiked by the arrow. From this moment it was continuously illuminated 
by light of a definite intensity and the growth accurately noted at short intervals 
of time. The previously uniform growth becomes wave-like in the light. The 
light-growth reaction also appears when the plant is only transiently illuminated 
with a definite amount of light. 

Numerous recent researches have shown that different amounts of light have 


A 


X 









cr A 







! 



I 12 24 36 48 60 72 84 96 108 120 b 

Light 


Fig. 266 —Light-growth reaction in the sporangiophore of Phycomyces. (After Blaauw.) 

each their characteristic reaction. This at first glance appears significant in 
attempting to explain the wavy line of the curve and it would be most important 
to connect the amounts of light and the undulations of the curve. But the in- 
vestigations deliberately undertaken, with uniform illumination, show that in the 
process internal correlative causes must co-operate with the light which acts as a 
liberating factor. It is necessary to regard the permanent illumination as acting 
uniformly, just as the preceding darkness did ; from this it would have been natural 
to anticipate a uniform reaction ( 1W ). 

The different organs of the plant behave differently towards illumination. 
While, for example, in the case of the sporangiophore of Phycomyces the growth 
increases immediately on illumination as is indicated by a rise of the curve to a 
summit, in the case of the coleoptile of the oat there is first an arresting effect on 
growth indicated by a trough in the curve. Other factors (temperature, humidity, 
gravity) behave similarly to light; ii relation to them also the plant frequently 
reacts to a sudden alteration by a periodic reaction. 

Some of the most important periodic changes in the development 
of plants have been mentioned in the morphological part. Thus, in 
alternation of generations, the sporophyte alternates in a very regular 
fashion with the gametophyte, which is frequently of quite different 
morphological construction. There are further periodic changes in the 

x 
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construction of the leaves and stem, which may be qualitative and 
not merely quantitative ; foliage leaves alternate with scale-leaves and 
bracts, foliage shoots with rhizomes, and the transitions may be gradual 
or abrupt. In these phenomena also correlations play a part. 

The existence, or rather the activity, of a certain quantity of foliage exerts an 
influence on the primordia forming at the growing point and causes them to 
develop as bud-scales. If the foliage leaves are removed in early summer these 
primordia develop as foliage leaves instead of scale-leaves (cf. p. 103). In a similar 
fashion the removal of leafy shoots may affect a subterranean rhizome, and cause it 
to grow out of the soil and form foliage leaves instead of scale-leaves. 

In addition to the distinction of foliage leaves and scale-leaves heterophylly is 
met with in some plants (cf. p. 113). It is sometimes possible to bring about a 
return to the juvenile form when the external conditions under which this arises 
are again established. Thus in the case of Campanula rotundifolia round leaves 
can be developed on plants which have formed the subsequent linear leaves by 
diminishing the intensity of the illumination. In some aquatic plants the sub- 
merged leaves belong to the juvenile form, and the floating or aerial leaves to the 
later adult form. Here also the juvenile form can be induced. This is not always 
the case, however, for sometimes the growing point has been so profoundly 
changed that it can only produce the later adult type of foliage. 

The “shade-leaves” (p. 286) of trees may be associated with juvenile leaves, 
since their formation depends more on their position on the shoot than on the 
direct action of the intensity of the illumination. Each shoot commences with 
shade-leaves and later produces those suited to stronger light. It is evident that 
nutritive influences play a part in determining these leaf-forms. 

The active vegetative period among plants is often succeeded by a 
period of rest. Thus many trees and shrubs shed their leaves and remain 
for a time bare. In our climate this happens regularly just before 
the unfavourable winter season. At first sight it appears as if the 
resting condition was caused by the climate. As a matter of fact, 
however, periodic cessations of growth are found in many tropical trees ; 
while temperature and water-supply continue favourable, the leaf-forma- 
tion does not proceed continuously, but is interrupted by resting periods, 
so that there are several periods of active growth in the course of the 
year. In our native plants also the entry upon a resting period is 
in no way determined by the low temperature. The unfolding of the 
leaves of many trees ceases completely in May or June. Further, our 
trees, when transferred to a tropical climate, frequently exhibit a 
periodicity similar to the native plants of the new locality. 

These phenomena are not interpreted in the same way by all investigators. On 
he one hand it is assumed that every periodicity in the growth of a plant is 
determined by a periodicity in the environment which need not be in the supply of 
moisture and warmth, but may concern, for example, the absorption of nutrient 
salts. On the other hand it may be assumed that plants possess a periodicity 
depending on internal causes, and that they become adapted to the seasonal 
changes in countries where such occur ; with us the resting period is the winter, 
while in other countries it occurs in the dry period. This does not hold for all 
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plants, however. In our climate there are some herbs, such as Scnecio vulgaris, 
which continue to grow throughout the whole year if the external conditions permit, 
and in the tropics plants which grow continuously also occur. 

The Oak, Beech, Apple, and Pear retain their resting period in the sub-tropical 
climate of Madeira, while under uniformly favourable conditions in the mountain 
regions of Java the periodicity may be disturbed in particular individuals. This 
even occurs in the several branches of the same tree, which may then bear leafy 
and leafless boughs at the same time (Oaks, Magnolias, Fruit, and Almond trees, 
together with some endemic species). 


IV. Duration of Life ( 106 ) 

We have further to consider the periodic alternation expressed in 
the duration of life of the plant as a whole. There are plants, such 
as Stellaria media and Senecio vulgaris , which in a few weeks go through 
their whole development from the germination of the seed to the ripen- 
ing of their seeds. Since each seed can germinate at once, several 
generations may be developed within the year. The individual plant 
dies on producing a certain number of seeds, but the seeds ensure the 
maintenance of the type of plant. Many annual plants are similar, 
though their life is more closely connected with the seasons of the 
year. With these may be placed other plants which only fruit once 
(monocarpic) but in which seed-formation is preceded by two or 
many years of purely vegetative growth, with or without resting periods. 
Probably in all these cases the development of fruit is the cause of 
the death of the vegetative organs, for their life can be considerably 
prolonged by preventing seed-formation. In contrast to these plants, 
others, such as our native trees, fruit repeatedly, the existence of 
the individual not being terminated by seed-formation. All perennial 
types exhibit another periodicity besides that due to the seasons. 
A tree in its first year when it is a seedling has less intensity of 
growth than many annual plants ; the intensity of growth increases 
gradually and its growth in length, its growth in thickness, and even 
the size of the elementary organs of the wood continue to increase until 
a maximum is attained. Some trees attain a great age and are in 
themselves capable of unlimited life. From a certain point of maximum 
development, however, the annual shoots become smaller, apparently 
on account of the increased difficulty of exchange of materials between 
the roots and leaves. Ultimately the tree dies for this reason, or 
owing to the attacks of parasites or other disturbing external effects. 
If care is taken to ensure the production of new roots near the 
growing points of shoots, the latter will continue to grow \wth 
the same intensity, and no termination of j;he growth is to be 
anticipated. This experiment cannot be performed on every tree, 
since some do not readily give rise to roots ; it is easily done 
with the Willow, however, by using branches as cuttings. Long 
before the whole individual perishes, however, single parts of it 
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have died. Thus the leaves have been shed after persisting for 
one or several years. In some eases whole branches are shed, though 
often they perish without being thrown off and gradually break up 
while still attached to the plant. All the older tissues of the stem 
also die ; the peripheral tissues are transformed into bark and either 
fall off or form a protective covering to the parts within. In the 
centre the wood is transformed into heart-wood in which the remain- 
ing living elements die. In an old tree only the growing points, 
whether apical or intercalary, and the youngest tissues derived 
from them remain alive. Thus we see that every cell which has 
lost its embryonic character dies after a longer or shorter time. 
Though this cannot as a rule be prevented, we cannot say that the 
death is necessary. It is because certain cells develop that others 
die, and their death is a phenomenon of correlation. In plants that 
are capable of restitution the removal of the growing point before 
the permanent tissue has become too old leads to fully-grown cells, 
which would normally die, becoming embryonic again and continuing 
to live. Those lower plants with no distinction of embryonic and 
fully grown cells can continue to grow and divide ; death only occurs 
as the result of unfavourable external factors. In other cases internal 
factors may have a fatal effect, as in the races of plants which are 
unable to form chlorophyll and therefore die. In the study of heredity 
lethal factors can frequently be recognised, i.e. determinants which if 
they became operative would bring about the death of the organism 
(cf. p. 327, Oenothera). 

The longevity of trees ( 107 ) having an historical interest is naturally host known and 
most celebrated, although, no doubt, the age of many other trees, still living, dates 
back far beyond historical1|dme3. The celebrated Lime of Neustadt in W urtemberg 
is nearly 700 years old. Another Lime 25*7 m. in circumference had 815 annual 
rings, and the age of a Yew in Braburn (Kent) which is 18 m. in circumference is 
estimated at 2880 years. Sequoia gigantea , the giant tree of California, attains 
according to H. Mayr the age of 4000 years. A Water Cypress ( Taxodium 
mexicanum ) near Oaxaca, Mexico, is another well-known example of an old tree 
(Pig. 624). One of the oldest trees in Germany is an Oak, some 1200 years old, 
which stands on the Ivenak estate in Mecklenburg, and is about 13 m. in 
circumference. Bryophytes also may attain a great age ; the apical ly-gro wing 
mosses of the calcified Oymnostomum clumps, and the stems of the Sphagnaceae, 
metre-deep in a peat-bog, must certainly continue to live for many centuries. 

V. Reproduction 

The organs which serve for reproduction have been treated in 
the section on Morphology. In this place the conditions and the 
significance of the phenomena have to be considered. 

Reproduction commences as a rule when the vegetative growth is 
slackening and the plant has attained a certain age. In Nature it 
appears to follow vegetative growth with some degree of necessity. It 
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can, however, be shown that this succession is not obligatory, and that 
the natural course of development is determined by quite definite 
conditions, and can be greatly modified by other influences. 

i. The Conditions of Reproduction ( 108 ). — Thus the question 
arises, under what conditions does vegetative growth and under what 
conditions the formation of reproductive organs respectively take 
place 1 Since these problems have as yet been relatively little 
studied, it is not easy to give a general answer to this question. We 
must, therefore, confine ourselves to making clear the essential facts by 
means of some examples. 

Lower Plants. — The fungi belonging to the genus Saprolegnia 
have a non-septate, branched mycelium without chlorophyll. They 
occur commonly in Nature on dead insects which have fallen into water, 
and their thallus first grows through the body of the insect. After a 
time, however, it grows out and forms a radiating growth around the 
insect. The end of each of the radiating hyphae becomes as a rule 
cut off by a septum, and its contents divide up into numerous swarm- 
spores ; these emerge, move about, and finally germinate to give rise 
in another place to a new individual of Saprolegnia. Later sexual 
organs are formed on the older plant and, at least in some species, 
the egg-cells only develop after being fertilised. With the production 
of fertilised eggs the activity of the Saprolegnia plant tends to cease ; 
it gradually perishes. 

G. Klebs has shown that it is possible to completely change this 
course of development of Saprolegnia ; Klebs has succeeded in direct- 
ing the development in the following ways among others : 

1. The mycelium can continue for the whole year to grow vege- 
tatively when supplied continually with fresh and suitable nutritive 
material. 

2. Such a well-nourished mycelium on being transferred to pure 
water proceeds completely and at once to form sporangia. 

3. In solutions of leucin (0*1 per cent) and haemoglobin (0T per 
cent) at first a strong growth develops and then sexual organs are 
formed. Swarm-spores are not formed ; they appear, however, after 
the sexual organs, when a more dilute solution (0*01 per cent) of 
haemoglobin is employed. 

It is thus clear that quite definite conditions exist for vegetative 
growth, others for the formation of sexual organs, and yet others for 
the appearance of asexual reproduction. 

Conditions of the Formation of Flowers in the Higher Plants ( 109 ). 
— In the Phanerogams asexual reproduction by means of bulbils, etc., 
is much less prominent than the sexual reproduction ‘which is connected 
with the flower. While as a rule the production of flowers is associated 
with the plant having reached a certain age, they may appear on 
quite young plants. It is thus to be expected that the formation of 
flowers, as of other organs, will be found to take place under quite 
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definite conditions. The results which Klebs obtained with Sempervivum 
Funkii can be summarised thus : 

1. With active carbon -assimilation in bright light and rapid 
absorption of water and nutrient salts, the plant continues to grow 
purely vegetatively. 

2. With active carbon -assimilation in bright light, but with 
limitation of the absorption of water and salts, the development of 
flowers takes place. 

3. With a moderate absorption of water and nutrient salts it de- 
pends on the intensity of the illumination whether vegetative growth 
or the production of flowers takes place. With weaker intensity of 
light, and when blue light is used, only growth takes place ; with 
stronger illumination or with red light flowering occurs. 

Klebs distinguished three phases in the formation of the flowers 
of Sempervivum. 

1. The establishment of the condition of readiness for flower-development. 2. 
The formation of the primordia of flowers recognisable under the microscope. 
3. The enlargement of the inflorescence. These three phases are connected with 
wholly different conditions and depend therefore in different ways on external 
factors. The initial condition is determined by a preponderance of carbon - 
assimilation over processes in which carbohydrates are consumed, such as respiration 
and vegetative growth. Since a high temperature increases the respiration and 
nutrient salts promote vegetative growth, a low temperature and a limited supply 
of nutrient salts are necessary, in addition to good illumination, to render the plant 
ready to develop flowers. This condition, when once attained, may be destroyed by 
a high temperature, while it may be preserved for a long while, even in darkness, 
by a low temperature. While in this respect light apparently acts only in 
determining the assimilation of C0 2 , in the second phase it has another significance ; 
a certain period of illumination is quite indispensable for this, and only the rays 
of greater wave-length are effective, those of short wave-length even destroying 
the state reached in the first phase. In Nature the first phase is attained in 
autumn, but ‘a sufficiently long and intensive illumination is wanting. Under 
continuous illumination by an Osram lamp, the light from which is rich in red 
rays, the formation of flowers may be hastened by months ; the period is shortened 
by increasing the intensity of the illumination. The earlier in winter this is done 
the longer is the illumination required ; towards the end of winter as a result of 
the prolonged low temperature the primordia are so far advanced that a short 
illumination is sufficient. Interruptions in the illumination must not be too 
prolonged or the influence of the illuminated period is lost. The third phase of 
elongation is, like the first, dependent on the nutritive effect of light ; in accordance 
with this, if the preceding nutrition has been sufficient it may, in part at least, be 
carried out in the dark. 

Similar thorough analyses of the conditions of flowering are not available as 
yet for other cases, but numerous observations and experiments indicate that 
light, temperature, and the nutrient salts are of primary importance in the forma- 
tion of the flowers. Since these factors are also indispensable for the vegetative 
life of the plant, it is the amount in which they are available and especially their 
relative proportions which determine whether a particular bud shall form a flower 
or grow vegetatively. 
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The importance of light in the formation of flowers is shown by the well-known 
fact that the Ivy only flowers when growing in a well-illuminated situation 
and not in the shade of woods, although it grows well in the latter habitat. Voch- 
tikg’s experiments on Mimulus Tilingii gave the same result. At a certain low 
intensity of light, which is quite adequate for vegetative growth, this plant 
produces no flowers. Klebs has made corresponding experiments with Veronica 
Chamaedrys , and he states that in all plants which do not contain any great amount 
of reserve materials a diminution of light leads to the suppression of flower- 
formation. He regards the carbon-assimilation resulting from the illumination as 
the primary cause of this influence on the development of flowers. At a certain 
intensity of light, which is insufficient for the development of normal flowers, 
cleistogamous flowers are produced in some plants. 

Temperature also obviously plays an important part. A continuous high tempera- 
ture hinders flowering. Thus plants of our climate eventually become vegetative in 
the tropics (Cherry), and native perennial plants, such as the Beet or Foxglove, 
can bo prevented from flowering in their second year if they are kept warm and 
allowed to grow on during the winter. In this way Klebs succeeded in keeping 
the Beet in a purely vegetative state for several years. Glechoma and Scmjwrvivum 
also, if their winter rest is prevented, grow vegetatively for years. 

Lastly, the nutrient salts have to be considered. By removing the supply of 
salts, seedlings can often be converted into dwarf starved plants in which, after a 
few minute foliage leaves have been formed, the development of flowers begins 
at once. Experiments of Moebius have shown that Grasses and Borago flower 
better if the supply of salts is limited than if well manured. The increase 
of fertility which results from root-pruning in fruit trees may depend upon a 
limitation of the absorption of nutrient salts. That, however, all nutrient salts 
do not act in the same way has been pointed out by Beneoke, who showed both 
from the literature and from his own experiments that a diminution in nitro- 
genous food and an increase of phosphorus led to an increase in the development 
of flowers. 

If, after the formation of flowers has commenced, the conditions for vegetative 
growth are re-established, a shoot already predisposed to llow T er-formation may 
again become vegetative. Thus vdien Mimulus Tilingii is brought into conditions 
of poor illumination the flower-buds already laid dowm remain undeveloped and 
resting buds in the axils of bracts develop into leafy shoots. The whole appearance 
of the plant is thus greatly altered. 

2. Fertilisation and its Results. — The product of fusion of the egg 
and sperm-cell surrounds itself, as a rule, with a cell-wall. In the lower 
plants an oospore or zygospore is thus formed which germinates, usually 
after first undergoing a period of rest. In the higher plants growth and 
cell-division take place forthwith ; an embryo is produced which in 
Bryophyta and Pteridophyta continues its further development, while 
in the Phanerogams it soon enters on a period of rest. Before this, 
however, a number of stimuli have proceeded from the development of 
the embryo ; these are especially complex in the Angiosperms. The 
ovule in which the embryo is enclosed commences to grow ; it enlarges 
and assumes a characteristic structure. It has developed into the seed. 
The ovary also grows actively after fertilisation and develops into 
the fruit.. 

X 2 
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These formative processes of growth in the ovules, ovary, and ultimately also in 
other parts of the flower, are to be regarded as phenomena of correlation. When 
fertilisation does not take place, all those changes which lead to the development of 
a ripe fruit from the flower do not usually occur. Instead another correlative 
influence arises which leads to the casting-off of the now useless organ as a whole. 
Some few plants, especially such as have been long cultivated, are to some extent 
an exception to this. In nearly all varieties of the Banana, in the seedless Orange, 
and in the Sultana Raisin, no embryo is formed, but in spite of this the fruits 
develop. The stimulus to this development can proceed either from the mere 
pollination of the stigma or from the fertilisation of the ovules, which then sooner 
or later cease to develop without arresting the development of the fruit. In some 
cases, however, “barren ” fruits develop wholly without the stimulus of pollination 
( parth enocar pic ( uo ) fruits of the Fig, Cucumber, and certain species of Apple and 
Pear). Influences which affect parts at a distance also proceed from the pollen-grains 
and pollen-tubes on the stigma. Thus after the stigma of an Orchid is pollinated 
the stigma and the gynostemium swell, and the perianth is promptly arrested in its 
growth and withers. As Fitting ( m ) showed, this influence proceeds from soluble 
organic substances which withstand heating, and can be readily separated from the 
mass of ungerminated pollen. 

Whether a simple spore or a complex embryo is the result of 
fertilisation it is always distinguished from the cells which gave rise 
to it by having nuclei which contain the diploid number of chromo- 
somes (p. 189). On this account a reduction-division which restores 
the normal number of chromosomes is sooner or later the necessary 
sequel to fertilisation. 

3. The Significance of Sexual Reproduction. — The significance 
of sexual reproduction is not at once evident. Many plants occur 
in Nature or under cultivation without being sexually reproduced, 
and succeed with vegetative reproduction only. 

Lower plants which have not attained to sexual reproduction have already been 
referred to (p. 184). Of higher plants which no longer produce descendants 
sexually the cultivated Bananas, Calamus , some Dioscoreaceae, some forms of 
Vine, Oranges, and Strawberry, and Mentha piperita may be mentioned. The 
Garlic, which forms small bulbils in place of flowers, the White Lily, and 
Ranunculus Ficaria, which has root- tubers, only rarely produce fertile seeds if 
allowed to form their vegetative organs of reproduction. Under certain con- 
ditions, as for instance on cut inflorescences, seeds may be produced, though 
as a rule these plants are multiplied entirely vegetatively. No degeneration 
such as was formerly held to be unavoidably associated with purely vegetative 
multiplication is to be observed in these cases ( m ). 

If thus the monogenic reproduction suffices to maintain the species, 
digenic reproduction must serve some further purpose not effected by 
the former. Otherwise it would be inconceivable why digenic repro- 
duction had arisen, and why the arrangements to effect it are far more 
complicated and less certain than in the case of vegetative reproduction. 

Were the Algae and Fungi alone taken into consideration it might 
be supposed that sexual' reproduction led to the formation of specially 
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resistant germs which could endure a longer period of rest under 
unfavourable conditions — as a matter of fact, the zygospores and 
oospores are frequently much more resistant than the swarm-spores and 
conidia. But even in the Pteridophyta this relation is inverted, for the 
fertilised egg-cell requires to develop forthwith, or else it perishes, while 
the asexual spores can endure a long resting period. 

It is the rule in digenic reproduction that the sexual cells are 
individually incapable of development; this takes place only after the 
sexual cells have united. Thus one use of fertilisation lies in the 
removal of an arrest of growth, though it cannot be said that this was 
its original and essential significance. It is much more probable that the 
sexual cells have gradually lost the capacity of independent development 
since in this way the possibility of fusion was increased. If every 
sexual cell commenced to grow at once, this would in most cases take 
place before fusion with another sexual cell could be effected. 

This assumption is supported by the behaviour of some Algae, in which 
the sexual cells can often germinate independently ; the egg-cells especially may 
develop without fertilisation (parthenogenesis). In the primitive Algae par- 
thenogenesis is possible, because in them the incapacity of development of the 
egg-cell has either not been acquired or is easily removed under special con- 
ditions. Thus, for example, in the Alga Protosiphon parthenogenetic development 
is induced by a high temperature, and the same happens in the case of the ova 
of some lower animals (Echinoderms) on treatment with solutions of a certain 
concentration. It may perhaps be assumed that in the cases in which development 
only takes place after fertilisation the stimulus to development is given by some 
substance contained in the sperm-cell. 

We thus arrive at the conclusion that the essential of sexual repro- 
duction cannot consist in the removal of the arrest to development 
of the sexual cells. This leads us to consider THE FUSION OF THE 
SUBSTANCE OF THE TWO CELLS AND THE MINGLING OF PATEHNAL AND 
MATERNAL CHARACTERS WHICH FOLLOWS FROM THIS. This brings 
out the chief distinction between the two modes of reproduction ; the 
vegetatively produced progeny are due to no such mingling of 
characters. The complex of characters in vegetative multiplication 
does not differ as a rule from that in the parent form. As a matter 
of fact, we preserve by vegetative multiplication all the varieties and 
races of our cultivated plants, even when these do not come true from 
sexually produced seed. In contrast to the vegetative progeny the 
sexually produced descendants, as a rule, cannot completely resemble 
the mother-plant, but must coir bine the characters of both parents. 
The more these differ from each other, the more striking will be the 
visible effect of fertilisation. 

VI. Heredity, Variability, Origin of Species 

Heredity ( 114 ). — By inheritance is understood the familiar pheno- 
menon that the properties of the parents are repeated in their 
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progeny. This phenomenon is presented to us in the division of a 
cell, which is the simplest form of reproduction, as well as in the 
more complicated process of sexual reproduction. That the daughter- 
cells resemble the parent-cells requires no explanation. The problem 
of heredity appears when descendants are derived from the germs, 
which are small portions of a complicated parent organism, by a 
process of development. It is assumed that such germs possess 
DETERMINANTS or GENES, which determine that an organism shall develop 
in a definite specific way. It appears probable that these determinants 
are associated in the chromosomes of the nucleus, but we know nothing 
as to the way in which they influence the course of development. 

Such determinants must be present in the sexual cells of the 
higher plants, and both in the male and the female cells. The 
fertilised egg - cell must thus possess a double number of these, 
though a single organism is derived from it. That, originally at 
least, the same determinants are present in all cells of the plant and 
not only in the germ-cells is shown by the phenomena of restitution 

The problems of inheritance are of greatest interest in sexual 
reproduction, in which the part played by the two parents in the 
organisation of the progeny comes into prominence. These problems 
can only be attacked by a consideration of hybrids, where there is a 
difference in the determinants of the two parents. 

Hybrids ( 116 ). — The union of two sexual cells is, as a rule, only 
possible when they are derived from individuals of the same specie^ ; 
it is only then that they fuse together in the act of sexual repro- 
duction. Occasionally, however, the sexual cells of different varieties, 
species, or even genera have been shown to be able to unite and 
produce descendants capable of development. Such a union is termed 
HYBRIDISATION, and its products hybrids. They are also spoken of 
as HETEROZYGOTES or individuals derived from two dissimilar sexual 
cells, in contrast to iiomozygotes, which have arisen from the 
union of sexual cells with identical determinants. Hybrids are as 
a rule obtained more readily the closer the parent forms are to one 
another, but this is not a rule without exceptions. 

The phenomenon known as xenia can be understood in the light of the fact 
that not only the egg but also the nucleus of the embryo-sac fuses with a male 
nucleus. In this way hybrid lieterozygotic endosperms result from the fusion of 
the nuclei if these possess unlike determinants. 

Some families exhibit a tendency to hybridisation (Solanaceae, Caryophyllaccae, 
Iridaceae, etc.) while in others hybrids are obtained with difficulty or not at all 
(Papilionaccae, Coniferae, Umbelliferae, etc.). The behaviour of related genera 
and species also is frequently very different. Thus species of Dianthus , Nicotiana , 
Verbascum , and Oeum readily hybridise with one another, while those of Silene , 
Solanum , Linaria, and Potentilla are difficult to hybridise. Hybridisation of 
closely related species may frequently fail when more distant species can be 
crossed. 

Hybrids also occur in Nature, especially in the genera Salix , Pubus } Hieracium , 
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and Cirsium. That such natural hybrids do not occur oftener is due to the lack 
of an opportune time or space for their development, and also to the fact that in 
the case of pollination of flowers with different kinds of pollen, that of their own 
species seems as a rule more effectual in effecting fei tilisation. 

Hybrids are often recognisable by having the characters of inter- 
mediate forms between the two parents. They may either be truly 
intermediate, e.g. Nicotiana rustica $ x Nic. panicuJata £ and Swbus 
aria x S. aucuparia (Fig. 267), or may in some characters resemble more 
closely the male parent and in others the female parent. In exceptional 
cases a hybrid may, even to minute characters, resemble the male 
parent (some hybrids of the Strawberry) or the female parent. In 
the great majority of cases it is immaterial which plant is taken as 
the male and which as the female parent (reciprocal hybrids). In 
some cases, however, the hybrid A 9 x B £ is clearly different from 
Ac? x B?. 

The mingling of characters is often complete. When one species has simple 
and the other compound leaves, their hybrid may have leaves more or less cleft 
(Fig. 267) ; or if the flowers of one parent species are red and those of the other 
yellow, the hybrid frequently bears flowers which are orange-coloured. If an 
early blooming form is crossed with a late bloomer, the hybrid may flower at a 
time intermediate between the two. 

New characters frequently appear in hybrids such as diminished 
fertility, a greater tendency to the formation of varieties, and frequently 
a more luxuriant growth. 

The fertility is often so enfeebled that the hybrids either do not flower 
{Rhododendron , Kpilobium), or are sterile and do not reproduce themselves 
sexually. Thi 3 enfeeblement of the sexuality generally increases the more remote 
is the relationship of the ancestral forms. Other hybrids such as those of Salix 
and Hieracium remain fertile. 

Hybrids, particularly those from nearly related parents, frequently produce 
more vigorous vegetative organs, they bloom earlier, longer, and more profusely 
than the uncrossed plants, while at the same time the flowers are larger, more 
brilliant, and exhibit a tendency to become double. The luxuriance of growth and 
the increased tendency to produce varieties displayed by the hybrids have made 
the whole subject of hybridisation one of great practical importance for horticulture 
and agriculture. 

Inheritance in Hybrids ( 116 ). — By the experimental study of 
hybridisation, the sexuality of plants, for a long time doubted, was 
indisputably proven. With this object in view, hybrids were raised 
in great numbers by Kolreuttr as early as 1761. It is now the 
problems of inheritance connected with hybridisation that are the 
main centres of interest. For the study of heredity, however, 
hybrids between species are far too complicated. It was by using 
closely related forms that Gregor Mendel at Briinn discovered in 
1866 certain laws, which, however, did not attract attention or 
influence the progress of investigation till after 1900. At this 





DIV. II 


PHYSIOLOGY 


317 


date they were re-discovered simultaneously by De Vries, Courens, 
and Tsciikkmak. In order to obtain these laws or rules Mendel 
required to follow the behaviour of the hybrids through a number of 
generations, taking statistical account of all the individuals that result. 

1. Law of the Uniformity of Hybrids. — When both the parents 
are homozygotic all the hybrids in the first (F x ) generation are alike. 
They may either be intermediate in character between the parents 
(intermediate inheritance), or they may almost or quite completely 
resemble one of the parents (dominant or prevalent inheritance). 

An example of intermediate inheritance is afforded by the hybrids 
between Mirabilis jaiapa rosea , and M. jalapa alba , two races of this 



Fkj. j'dajiit, nil in anil m.-w. With the hybrid between them in the first 

ami second generations. (Diagram. After Con runs.) 

plant belonging to the Nyctaginaceae, which only differ in the white 
or red colour of the flowers (Fig. 268). The hybrid between two 
stinging nettles, Urtica pilulifera and U. dodartii , is an example of 
dominant inheritance ; the former has markedly serrate leaves, while 
these are almost entire in U. dodartii. In this case the first hybrid 
generation can hardly be distinguished from U. pilulifera , since all 
the plants have the serrate type of leaf (Fig. 269). It required a 
detailed investigation by Correns to show that there was a slight 
difference, at least in the young plants, between the hybrid and this 
parent form. In this case Urtica pilulifera is said to behave as the 
dominant form, while U. dodartii is the recessive. It is impossible to 
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predict which characters will dominate in inheritance, and only 
experience can decide the point. 

2. Law of Segregation. — In the second (F 2 ) generation obtained 
by the pollination of flowers of the F, with pollen from among 
themselves the plants are no longer all alike, but are of different types 
that appear in regular proportions. In the simplest cases, such 
as those of Mirabilis and Urtica described above, where the parents 
differ in a single character, the regular composition of the F„ genera- 
tion is readily recognised. In Mirabilis three types appear in definite 



Fia. 269.— The hybrid between Urtica pihdifera and Urtica Dodartii in three generations. 
(Diagram. After Corrkns.) 


proportions, 50 per cent which have the characters of the plants of 
the first hybrid generation, 25 per cent resembling the one parent- 
plant and 25 per cent the other. When the plants flower these three 
groups have rose-coloured, red, and white flowers respectively (Fig. 
268). To the extent of one-half of the progeny the characters of the 
hybrid have segregated, so that one quarter of the progeny are pure 
paternal plants and one quarter are pure and resemble the original 
female parent ; only the remaining half are of hybrid nature. The 
correctness of this interpretation is shown in the third and following 
generations ; it is found that the red- or white-flowered plants of the 
second generation when self-pollinated reproduce their type truly, 
while the progeny of the plants with rose-coloured flowers segregate 
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in the same proportions as before. The phenomenon is termed the 
segregation of hybrids. In successive generations the hybrids with 
rose-coloured flowers form a diminishing proportion of the total 
progeny while that of the red- and white-flowered plants increases. 
In the eighth generation there will be only 0*75 per cent hybrids, and 
this small proportion continues to diminish with segregation. 

When one of the characters is dominant the appearances resulting 
from segregation are somewhat different, as is shown for Urtica in 
Fig. 270. In the second generation 25 per cent of the plants resemble 
U. dodartiiy and are found to breed true in subsequent generations ; 
75 per cent have the characters of U. pilulifera , but the test of further 
breeding shows that these are not all of the same type ; one third of 
them are pure Z7. pilulifera , while two-thirds prove to be of hybrid 
nature. The latter in the next generation segregate in the same 
apparent proportions as in the second generation, i.e. 3:1. 

The explanation of the law of segregation since the time of 
Mendel has been on the lines of assuming that the unlike deter- 
minants present in the heterozygotic hybrid separate in the formation 
of the sexual cfclls. Thus the sexual cells of the rose-flowered hybrid 
Mirabilis no longer possess the hybrid character, but are divided into 
one-half “ red ” and one-half “ white ” homozygotic gametes. In the 
fusions at fertilisation the combinations leading to the production of 
hybrids, red x white (white ? x red <$ , red $ x white $ ) will be twice 
as numerous as the combinations red x red or white x white. 

The facts in such questions of inheritance can be conveniently 
represented by means of symbols. The individual determinants or 
genes are denoted by letters. If a particular plant has the 
determinants A, B, C, D . . . X, its descendants in a pure culture will 
have the genetic formula AA, BB, CC, DD . . . XX, since the same 
determinants are contributed by both the father and the mother. If, 
however, the two germ-cells differ as regards one determinant, the 
descendant will be heterozygotic in respect of this. Thus if the 
determinant for the red colour in Mirabilis is denoted by Ii, the 
corresponding not-red (i.e. white) gene will be denoted by r. 


In this particular case it would be equally natural to employ the capital letter 
for the determinant for white, and to denote red, or not-white, by the small letter. 
When, however, one of the characters is dominant it is always denoted by the 
capital letter and the corresponding recessive character by the small letter. 

If, therefore, all pairs of like characters are omitted the symbolic representation 
for the inheritance in the case of Mirabilis takes the following form : 


Parents 

the sexual cells of which 
Hybrid 1st Generation 
the sexual cells of which 
Combinations of these 


RR (red) 

100% R 
100% R 

Rr (rose) 
50% R 
50% R 


rr (white) 


RR, Rr, rR, rr. 


\ 100 % 
> 100 % 

50% r 
50% r 
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The last line shows the segregation which will be evident in the second 
generation : 25 per cent RR will have red flowers, 25 per cent rr will have white 
flowers ; both are homozygotes. Fifty per cent, however, are heterozygotes, Rr, and 
these will have rose-coloured flowers and will in turn segregate. If, however, red 
were dominant to white it could be inferred from this line that in the second 
generation 25 per cent white-flowered and 75 per cent red-flowered plants would 
arise, and that one-third of the latter would be liomozygotic and two-thirds 
heterozygotic. 

3. Law of the Autonomy of Characters. — When the parents 
differ in two characters instead of only one, dihybrids instead of 
monohybrids result. It then appears that the two characters which 
are connected with one another in the homozygotic parents separate 
from one another in the process of segregation and are distributed 
independently in the progeny (autonomy of characters). Thus new 
COMBINATIONS OF characters come about in tjie F 2 generation, a 
fact of great importance both in plant-breeding and in the behaviour of 
plants in Nature. From crossing a variety of maize with smooth white 
grains and one with wrinkled blue grains, races with smooth blue and 
wrinkled white grains arise as new combinations. • 

This result can readily be arrived at by considering the following symbolic 
representation. Since smooth is dominant to wrinkled they are denoted by S and 
s respectively ; similarly since blue is dominant to white they are written as B and 
b respectively. 


Parents 

Sb 


sB 

1st Generation 


Ss Bb 




smooth blue 


Germ cells of this 

SB 

Sb sB 

sb 


Combinations of these germ cells : 


SB 

SB 

SB 

SB 

SB 

SB 

sB 

sb 

smooth 

smooth 

smooth 

smooth 

blue 

blue 

blue 

blue 

Sb 

Sb 

Sb 

Sb 

SB 

Sb 

sB 

sb 

smooth 

smooth 

smooth 

smooth 

blue 

white 

blue 

white 

sB 

sB 

sB 

sB 

SB 

Sb 

sB 

sb 

smooth 

smooth 

wrinkled 

wrinkled 

blue 

blue 

blue 

blue 

sb 

sb 

sb 

8b 

SB 

Sb 

sB 

sb 

smooth 

smooth 

wrinkled 

wrinkled 

blue 

white 

blue 

white 


It can be ascertained from this scheme that the following segregation has taken 
place : 

9 smooth blue ; 3 smooth white ; 3 wrinkled blue ; 1 wrinkled white. 
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The symbols further show that only 4 of the 16 combinations are homozygotic, viz. : 

SB Sb sB sb 

SB Sb sB sb. 

The 12 other combinations are heterozygotic and will segregate in the next 
generation. 

The most important conclusion to be drawn from these investigations 
into heredity is this : That two organisms with quite different 

DETERMINANTS MAY APPEAR QUITE SIMILAR; THE TYPE EVIDENT TO 
EXTERNAL OBSERVATION (PHENOTYPE) MAY BE ALIKE IN THE TWO AND 
YET THE TYPE AS REGARDS THE DETERMINANTS (GENOTYPE) BE 
DIFFERENT. THUS ONLY BY GENETIC ANALYSIS AND NOT FROM 
EXTERNAL APPEARANCE CAN THE EQUIPMENT OF DETERMINANTS BE 
DISCOVERED. 

Back-Crossing. — The result of crossing a hybrid with one of the 
parent forms can # be most easily understood by employing the 
symbolic notation. If a plant AA is crossed with the hybrid Aa the 
former will produce germ-cells of the one kind A, while the germ- 
cells of the hybrid will be A and a. It follows that in 50 per cent 
of the cases A will meet with A and in the other 50 per cent A with 
a. Half of the resulting plants will therefore be of hybrid nature 
and half of the type of the pure parent form. 

Determination of Sex ( m ). — It has been found that the inheritance of sex in 
dioecious plants follows the scheme for crossing back just considered. The funda- 
mental investigations on this point are those of Correns, who crossed the dioecious 
Bryonia dioiea with the monoecious Bryonia alba . The female tlowers of Bryonia 
alba , when fertilised by the pollen of Bryonia dioiea , gave 50 per cent male plants 
and 50 per cent female plants. Correns’ explanation of this result is based on 
regarding dioecious plants as consisting in a sense of two strains which can only 
be maintained by crossing. The male character is dominant, the female recessive, 
in a cross. Female plants must be homozygotic for the sex factors (aa) and produce 
only one type of sexual cell (a) ; the male plants are heterozygotic (Aa) and their 
sexual cells as a result of segregation arc of two kinds, viz., 50 per cent A and 50 
per cent a. As in the back-crossing of a hybrid with one of its parent forms, the 
rc&ult of fertilisation will here bo that in half the cases the factors aa are combined, 
which gives female-plants ; and in half the cases the factors A and a, which, since 
A is dominant, gives male plants. The assumption that the female plant is homo- 
zygotic with the genetic formula aa, and the male plant heterozygotic with the 
formula Aa, explains \shy the two sexes are met with in Nature in approximately 
equal numbeis. Since there is no means of influencing the pairing of the sexual 
cells, this proportion cannot be modi tied experimentally. Correns has, however, 
been fortunate enough to do this in some other cases, e.g. Mclandrivm . If the 
stigma of this plant is pollinated with relatively little pollen, 43 per cent of male 
plants are obtained, but only 30 per cent if a large amount of pollen is used. 
Correns explains this by the pollen-tubes of the pollen -grains with the deter- 
minant a, those that give rise to female-plants, growing more quickly. When 
there is an excess of pollen there is a competition between the two kinds of pollen- 
tubes ; those that glow more rapidly being more likely to effect fertilisation than 
the slo\ver growing tubes. The two types of pollen -grain can also be distinguished 
in other ways, e.g. by their resistance to heat and to alcohol. 

Y 
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Numerous investigations in recent years indicate that sex is determined in 
different ways in the various groups of plants. In the Archegoniatae and Sperma- 
tophyta four types may be distinguished, as Correns has pointed out. 

Type. 1. The simplest relations are found in monoecious Bryophyta and the 
Ferns. Every cell is capable of giving rise to male and female sexual organs 
(antheridia and archegonia). 

Type 2. In hermaphrodite or monoecious flowering-plants, the relations which 
exist can be represented in the same way. 

Type 3. In dioecious Bryophyta the case is different, for here the separation 
of male and female plants has already taken place in the spores. At the reduction 
division each spore-mother-cell gives rise to two 6 and two 9 spores. 

Type 4. The same holds for dioecious Flowering Plants, which have been 
considered above. 

Validity of the Three Mendelian Laws. — These rules are not 
limited to hybrids in the narrow sense of the word, but have an 
extensive application to inheritance in both the animal and vegetable 
kingdoms. It cannot be said that there are not other laws followed in 
inheritance, for there are already well-investigated cases which do not 
conform to the Mendelian laws ( 118 ). On the other hand, it is note- 
worthy that many phenomena which at first appeared to contradict 
these rules have proved on further investigation to be consistent with 
them. 

Some facts which at first sight are ditticult to understand can be explained on 
Mendelian lines. Thus it has been observed that the hybrid between a white- 
flowered and a pale yellow Antirrhinum does not have very pale yellow flowefs, 
but these are red. In the second generation segregation, as usual, occurs ; there 
result 3 red, 6 pale red, 3 pale yellow, and 4 white-flowered plants. The full 
explanation of this cannot be given here, but the case is cited to indicate that the 
red colour is without doubt that of the ancestral form from which both the white 
and the pale yellow varieties have been derived. Thus in hybridisation ancestral 
characters may reappear (atavism) ; this is a frequent experience of breeders. 

The Chromosomes as Bearers of the Segregating Genes ( 119 ). — 
The chromosomes are shown by numerous investigations to be of 
importance as bearing the material on which inheritance depends, 
i.e. as containing the genes (cf. p. 188). From this consideration the 
Mendelian laws, especially that of segregation, can be very simply 
understood, as may be shown by the following example (Fig. 270). 

Mirabilis has 16 chromosomes in its somatic cells, but for simplicity only 8 
are represented in the figures. The hereditary factors for red and white are re- 
garded as localised in the largest of the chromosomes, the determinant for red 
being represented by a black dot and that for white by a circle of corresponding 
size. The diploid hybrid plant produced on fertilisation has derived four chromo- 
somes from the father and four from the mother ; among its determinants are 
therefore one with the determinant for red and one with the determinant for white 
flowers, and this is expressed by the rose-coloured flowers. The phenomenon of 
segregation, when the hybrid is self- pollinated, can readily be understood in the 
same way. 
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There are many genes in a chromosome. In every plant therefore 
there are groups of genes which by reason of their position in a 
chromosome are linked together. Typical segregation can only be 
shown by such genes as are situated in different chromosomes. Recent 
researches, especially of Morgan and his school, have demonstrated 
that there are really only as many groups of genes which can segregate 
independently as there are chromosomes. 

In the reduction division there is a separation of entire chromosomes. It may 
happen that the original chromosomes before the separation is effected do not lie 

Cells of plants with 

red flowers. white flowers. 


A 




Sexual cells of the 

red-flowered form. white-flowered form. 



B 


Cells of the rose-coloured hybrid form. 



Fio. 270 —The chromosomes m the crossing of red and white forms of Mirabilu jalnpa. 

(After Goldschmidt.) 

parallel and that the longitudinal division then results in the new chromosomes 
being each composed of halves from the two original chromosomes, as is illustrated 
by the diagram in Fig. 271. This phenomenon, which is of great importance in 
genetics is known as “crossing over” ( 12 °). 

Variability ( m ). — By variability is understood the fact that the 
individuals belonging to any species are not all alike. Frequently 
the variability is only apparent, the species not having been properly 
defined. Thus in Rosa, Rubus , Draba vema , etc., there are many 
species that closely resemble one another. The impression given of a 
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“ varying ” species is in these cases a completely false one ; each 
of the “ ELEMENTARY SPECIES ”, of which the “ COLLECTIVE SPECIES ” 
is composed, proves to be constant and does not exhibit transitions to 
the other elementary species. Such cases are to be left out of 
consideration here. We are concerned with the most strictly limited 
species, if possible with the descendants of a single self-fertilised 
and therefore homozygotic plant constituting what is known as a 
pure line (Johannsen). It is found that these also vary. The 
process of variation and the varieties can be traced to two causes 



Fig. 271. — Diagrams to illustrate “crossing over ”. 


and are therefore distinguished as modifications and mutations. 
To these must be added the combinations originating from crossing. 

Modifications. — This name is given to variations which have 
been produced by external factors. It has already been pointed out 
(p. 283 ff.) in what way innumerable external factors influence the form 
of the plant In order to ascertain the full capacity for modification 
of any plant it is necessary to cultivate it under all conditions under 
which it can exist. Such investigations have been carried out with 
success by Klebs. If it were possible to grow two plants of the 
same origin under completely identical conditions they would neces- 
sarily be indistinguishable. In practice this is never possible, and 
therefore the homozygotic individuals of a pure line show many 
quantitative differences even under the most uniform cultivation 
possible. For example, the seeds of a pure line of Bean can be sorted 
into a number of groups according to their weights, and the number 
in each group or category ascertained. The result of such an 
investigation is the curve in Fig. 272, which shows that the weight- 
categories that occur most frequently are those closest to the a\ erage 
weight, and that the farther a category is from the average the fewer* 
are the individuals belonging to it. Practically all statistical investi- 
gations of variation conform to this result. The variation curves 
thus obtained agree more or less closely with the so-called curve of 
chance. This is readily understood, for there are always several 
external factors acting which may result in either an increase or 
diminution of the size, number, or weight of the beans under 
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consideration. Only chance decides which effect takes place. Thus 
only rarely will all the factors make for diminution or all the factors 
for increase ; more frequently the factors will be combined so as to 
determine an intermediate result. If a seed of a pure line is sown 
it is indifferent whether one starts from a small, medium, or large 
specimen. The variation curve of the next generation will not differ 
from that of the generation to which the seed belonged. Such 
modifications persist only as long as, or but little longer than, the 
action of the causes giving rise to them. 

Practical experience seems at first sight to contradict this 
result. In the process of selection a plant with special properties 
is chosen from a large number 
and the same characters appear 
to recur frequently in its 
descendants. This depends on 
the fact that in this case a 
single pure line has been isolated 
from what was really a mixture 
of a number of different races 
or lines. The characteristic 
properties of the selected line 
are continued in the descend- 
ants. If the material to begin 
with is really pure, selection 
has no effect. 

Combinations. — Pure lines 
can only be maintained by 
continuing self-fertilisation or 
by vegetative propagation. On 
cross-pollination, even between 
the pure lines of the same 
species, heterozygotes usually 
result. The determinants and 
characters of the pure lines are variously mingled in such individuals. 
This form of variation is superficially not distinguishable from modi- 
fication, for it may also show the curve of chance. It is, however, 
essentially different; for the different individuals have arisen by 
the mingling of determinants and their subsequent segregation accord- 
ing to Mendelian laws. This form of variation, which is inheritable, 
is termed combination. 

Mutations ( 122 ) are variations that are distinguished from com- 
binations in not having arisen by hybridisation, but resemble them in 
being inherited. Mutations can only be recognised with certainty 
under experimental conditions when in the descendants of a pure line 
individuals appear which possess a new character or are wanting in 
a character of the parent organism, the departure being maintained 



Weight in Centigrammes. 

Fio. 272.— Variation curve of the weights of Beans 
of a pure line (Johannsen's Lino K). (After 
Bom.) 
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in their offspring. The appearance of such mutations has been 
frequently observed in cultures. Baur found on an average 2 per 
cent of mutants in the seedlings of his cultures of Antirrhinum . It is also 
highly probable that many variations met with in Nature should be 
regarded as mutations. Thus, for example, Chelidonium laciniatum , a 
mutation of Chelidonium majus with incised leaves, was found at 
Heidelberg in 1590 (Fig. 273). Fragraria monopliylla , which was first 



Fig. 273. — Habit of 1, Chelidoniuvi vuijus ; 2, Chelidonium majus laciniatum. (Aftei Lkhmann.) 


noticed in 1761, differs from the ancestral form of the Strawberry 
in having simple instead of trifoliate leaves. The remarkable 
Nicotiana tabacum virginica apetala , which arose in a culture of Klebs, 
must be placed here. Many such mutations have appeared more than 
once, and this holds also for mutants arising in cultures. Mutants 
remain constant if self-pollinated. These forms usually only differ 
from the parent form in a single character. In the great majority of 
cases this behaves as a recessive character when the mutant is crossed 
with the form from which it arose. But mutations are also known 
which behave as dominants. 

Many cultivated plants are mutations in a single character. The 
incised-leaved form already mentioned is of this nature. Other 
examples are the races of trees with weeping or pyramidal growth, 
and plants with narrow, curly, or reddish leaves. These make their 
appearance especially as seedlings, but in some cases arise vegetatively 
as lateral branches (vegetative mutation). 

It is easy to see that such forms will usually be heterozygotic. If of sexual 
origin they can only be homozygotic when both the sexual cells concerned had 
mutated in the same way ; if of vegetative origin only if the mutation affects alike 
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the two corresponding genes of a diploid cell. Both these occurrences will 
obviously be exceptional. Thus in the cultures of Antirrhinum, already referred 
to, Baur found only 0*05 homozygotic mutants per 1000 seedlings. 

Other mutations are known, some of which differ profoundly from those dealt 
with above. It is only possible to mention here the fact that a mutant may differ from 
the parent form in the number of its chromosomes. Thus these may be doubled 
and the difference may be manifested in the increased size of the plant. A special 
category of mutation-like variations are those known in Oenothera lamarclciana { V£Ll ) 
and some other species of the genus. They are of historical interest for it was in 
them that De Vuies first observed the origin of new forms. But it is difficult now 
to term these variants true mutations, since Oenothera lamarclciana is evidently a 
hybrid with the peculiarity that its parent forms are no longer capable of 
existence. 

Origin of Species ( 123 ). — It is only to be noted in this place that, 
so far as can be seen at present, only mutations and combinations can 
be concerned in the production of species, since they only are inherited. 


SECTION III 
MOVEMENT 

Phenomena of movement are met with in the living plant not less 
generally than those of metabolism and development. Metabolism is 
associated with a continual movement of the raw food-materials, which 
are absorbed, and of the products of metabolism. These movements 
have already been dealt with sufficiently in the first section. In 
addition there exist a number of visible alterations of position exhibited 
either by the whole plant or by its several organs ; these movements 
are, it is true, often very slow but sometimes are quite sudden 

Protoplasm itself is capable of different movements both in the 
naked condition and when enclosed by a cell- wall (cf. p. 12). 
Multicellular plants, however, as a rule ultimately attach themselves, 
by means of roots or other organs, to the place of germination, and so 
lose for ever their power of change of position. Instead of this they 
usually possess the power of changing the position and direction of 
their organs by means of curvature. In this way the organs are 
brought into positions necessary or advantageous for the performance 
of their functions. By this means, for example, the stems are directed 
upwards, the roots downwards ; the upper sides of the leaves are turned 
towards the light, climbing plants and tendrils twined about a support, 
and the stems of seedlings so curved that they break through the soil 
without injury to the young leaves. 

Movements of locomotion and movements of curvature have thus 
to be distinguished. 
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I. MOVEMENTS OF LOCOMOTION ( 124 ) 

; , A. Mechanism of Movements of Locomotion 

' 'i 

Changes of position are brought about by amoeboid movement, 

5 CILIARY MOVEMENT, and the MOVEMENT OF PROTOPLASM IN CELLS ( 
WITH CELL-WALLS. ^ 1 J r ^ J ' ’ 

The creeping movements of naked protoplasts, such as are shown 
by an amoeba or plasmodium, in the protrusion, from one or more 
sides, of protuberances which ultimately draw after them the whole 
protoplasmic body, or are themselves again drawn in, are distinguished 
as ^AMOEpom m ovemen ts. These movements resemble, externally, the 
motion of a drop of some viscous fluid on a surface to which it does 
not adhere, and are assumed to be due to surface tension, which the 
protoplasm can at different points increase or diminish by means 
of its quality of irritability. 


By means of local changes of surface-tension, similar amoeboid movements 
are also exhibited by drops of lifeless fluids, such as drops of oil in soap solution, 
drops of an oily emulsion in water, or drops of mercury in 20 per cent solution of 
potassium nitrate in contact with crystals of potassium bichromate. 

In thejSWIMMING MOVEMENTS BY MEANS OF CILIA ( 125 ), on the other 
hand, the whole protoplasmic body is not involved, but it possesses 
special organs of motion in the form of whip-like flagella or cilia: 
These, which are so delicate as to be difficult to see even with high 
magnifications, may be one, two, four, or more in number, and arranged 
in various ways (Figs. 218, 220). They extend through the cell-wall 
when this is present and move very rapidly in the water, imparting 
considerable velocity to the protoplast. The minute swarm-spores of 
Fuligo varians traverse 1 mm. (sixty times their own length) in a 
second, those of Ulva 0'15 mm., while others move more slowly. The 
Vibrio of Cholera, one of the most rapidly moving bacteria, takes 22 
seconds to traverse a millimetre. 


The cilia not only give rise to a forward movement, either in a straight or 
spiral line, but cause the whole organism to revolve around its longitudinal axis. 
In Spirillum it was found by Metzner that 40 revolutions of the cilia and 13 of 
the bacterium as a whole took place in each second. The details of the activity of 
cilia exhibit considerable variety. A swimming movement can be effected even by 
a simple oscillation of a curved cilium surrounded by a conical sheath. In other 
cases, however, the cilium has the form of a screw, which like the screw or 
propeller of a ship, determines by the direction of rotation a movement forwards or 
backwards. While the propeller is attached to an axis and moved by the rotation 
of the latter, the cilium, which is attached by its base to the organism, has to 
continually reproduce its screw-like shape during the movement. According to 
BCtschli this occurs by a spirally running line of maximum contraction continually 
moving round the cilium. It is not possible to enter further here into other and 
more complicated types of ciliary movement. 
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Diatoms exhibit a different class of movements. The Diatoms which have a 
slit or raphe in the siliceous cell-wall glide along, usually in a line with their 
longitudinal axis, and change the direction of their movements by oscillatory 
motions. From the manner in which small particles in their neighbourhood are 
set in motion, it is concluded that there exists a current of protoplasm, which 
extends to the outside through the raphe; this, according to 0. MOli.eu, is the 
cause of the movement ( 128 ). The cells of Desmidiaceae effect their peculiar 
movements by local excretions of mucilage. The Oscillarieae appear to behave 
similarly ( 127 ). 

In addition to such changes of place of whole cells there are also 
movements of the protoplasm within the cell- wall. Of these move- 
ments ROTATION and circulation (cf. p. 13) have to he distinguished. 

In these movements the outermost layer of protoplasm in contact with the cell- 
wall remains at rest ; the movement cannot thus be compared to that of an 
amoeba enclosed in a cell. The movement continues when the protoplasm has 
been detached from the cell-wall. Its cause must be looked for in changes of the 
surface-tensions between the protoplasm and the cell -sap. 


B. The Conditions of Locomotion 

Since these movements are due to protoplasm and its organs it 
will be readily understood that they depend on the general conditions 
for the life of the protoplasm. The existence and the activity of all 
these movements thus depend especially on a favourable temperature, 
and in aerobic plants (cf. p. 271) on the presence of free oxygen. The 
protoplasmic movement can, however, continue for weeks in the absence 
of oxygen in the case of facultative anaerobes like Nitdla . Certain 
bacteria that are obligate anaerobes lose their motility on the entrance 
of oxygen ; on the other hand, aerobic Bacteria which have ceased to 
move in the absence of oxygen resume their movement when a supply 
of this gas is available (p. 241). On overstepping the minimum or the 
maximum for these factors a loss of motility or a condition of rigor 
results. Thus we speak of cold-rigor, heat-rigor, etc. This condition 
can be removed by a return of the favourable conditions, but if it lasts 
long enough will ultimately lead to death. 

In some cases it is sufficient that these general conditions of life 
should be present, but in others the movement only results on the 
application of special external stimuli. 

Fitting has recently shown that the cells of Vallisneria exhibit no movements 
in pure water, but only when various substances are dissolved in it. By far the 
most effective among those substances which he investigated are the amino-acids. 
Even the slightest trace starts the movement, the threshold lying as deep as in 
the case of many animal hormones. One milligramme dissolved in 30-80 litres of 
water corresponds to this lower limit. This means that, if the calculation is based 
on the volume of an average sized cell of the mesophyll of Vallisneria , the one 
ten-billionth of a milligramme is effective ( ia7ft ). Light also has a great influence 
on the movement of protoplasm. In cells of Vallisneria , which have become 
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sufficiently accustomed to the dark, relatively small amounts of light will call 
forth protoplasmic movements. With an intensity of light amounting to 22-2 
metre-candles the time of illumination need only be 80 seconds. Even a light of 
0*5 metre-candle, if allowed to act for a sufficient time, will start the movement. 
It has been found that the movements of some bacteria are awakened by light, or 
by a sufficient concentration of the medium. 

In giving a definite direction to movements of locomotion, 
external stimuli play a very special part. In the absence of such 
directive stimuli motile organisms move without a destination. 

C. Tactic Movements 

The main directive stimuli are one-sided illumination and dissolved 
substances unequally distributed through the water. The directive 
movements brought about by such factors are termed tactic ; that 
effected by light is phototaxis, and that by dissolved substances 
chemotaxis. (Other tactic movements, see p. 333.) 

The resulting movements bring the freely motile plant or the 
motile organ of a cell either towards or away from the stimulus ; in 
the former case the taxis is positive, and in the latter negative. The 
nature of the reaction frequently depends not only on the object, but 
on the external conditions. 

A distinction is made between topic reactions in which, owing to local differ- 
ences of the strength of the stimulus, the reacting organism orientates itself and 
moves in the direction of the effective stimulus, and phoiuc reactions in which a 
variation in the strength or quality of the stimulus results in a movement which 
is against the stimulus but not in a definite direction. 

U PhotQtaxis ( 12 «) 

Phototactic movements may be best observed when a glass vessel 
containing water in which are Volvocineae or swarm-spores of algae 
is exposed to one-sided illumination from a window. After a short 
time the uniform green tint of the water disappears, since the motile 
organisms have all accumulated at the better-illuminated side of the 
vessel. If the latter is turned through an angle of 180° the algae 
hasten to the side which is now illuminated. If, however, a stronger 
light, such as direct sunlight, is allowed to fall on the vessel the same 
organisms which till now have reacted positively become negatively 
phototaetic and swim away from the source of light. Other external 
factors may have a similar effect. 

In some organisms without chlorophyll, suchastheplasmodiaof the Myxomycetes, 
there is usually only a negative reaction, even to light of low intensity. There are 
also colourless organisms which have a positive phototactic reaction. 

In the case of phototaxis both phobic and topic reactions are known. Certain 
bacteria especially react in a purely phobotactic manner, responding by a move- 
ment backwards to the change from light to darkness. They thus remain in an 
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illuminated spot, since when their movement Lakes them into the dark they 
move back. Other phobotactic organisms, e.g. Euglena , often react in an 
apparently topotactic manner (pseudo-topotactic), since, owing to their morpho- 
logical and physiological asymmetry, successive phobotactic reactions may lead 
to their placing themselves in the direction of the light. The purely topotactic 
organisms ( e.g . Volvox ), which, owing to localised differences in the strength of 
the stimulus in their bodies, move towards the direction of the stimulus, may also 
show apparently phobic reactions (pseudo-phobotactie reactions). This happens 
when the conditions of topotaxis, the local differences in strength of stimulus, are 
somewhat wanting, e.g. when a stimulus acts on all sides. Both pseudo- topotactic 
and purely topotactic organisms exhibit positive and negative phototaxis. If rays 
of light fall in various directions simultaneously on such organisms they move in 
the line of the resultant light This “law of the resultant” holds not merely as 
regards direction but also as regards intensity. 

Under experimental conditions with convergent light it is possible to induce 
negatively topotactic swarm-spores to move to brighter and brighter zones in 
increasing their distance from the source of light. But in Nature the phototactic 
movements of organisms doubtless lead them to positions of optimal brightness. 

A very striking example of phototaxis is afforded by the chloro- 
plasts, the mechanism of the movements of which is still quite un- 
known ( 129 ). These movements have the result of bringing the chloro- 
phyll-grain into such a position that it can obtain an optimal amount 
of light. This object is sometimes attained by rotation of the chloro- 
plast, and sometimes by its movement to another position in the cell. 

In the filamentous Alga Mcsocarpus , the chloroplast has the form of a single 
plate suspended length-wise in each cylindrical cell. In light of moderate intensity 
they place themselves transversely to the source of light, so that they are fully 
illuminated (transverse position) ; when, on the other hand, they are exposed to 
direct sunlight, the chlorophyll plates are so turned that their edges are directed 
towards the source of light (profile position). 

In the leaves of mosses and of the higher plants and in fern prothalli change in 
position of the numerous chloroplasts is effected by their movement in relation to 
the walls of the cells. In moderate light the chloroplasts are crowded along 
the walls which are at right angles to the direction of the rays of light (Fig. 274 T). 
They, however, quickly pass over to the walls parallel to the rays of light as soon 
as the light becomes too intense, and so retreat as far as possible from its action 
(Fig. 274 8). In darkness or in weak light the chloroplasts group themselves in 
still a third way (Fig. 274 A 7 ), determined by chemotactic influences from neigh- 
bouring cells. 

In correspondence with the changes in the position of the chloroplasts, the 
colouring of green organs naturally becomes modified. In direct sunshine they 
appear lighter, in diffused light a darker green. The form of the chlorophyll- 
grains themselves undergoes modification during changes in their illumination ; in 
moderate light they become flattened, while in light of greater intensity they are 
smaller and thicker. 


2. Chemotaxis ( 13 °) 

Chemotaxis results, as mentioned above, from the unequal distribu- 
tion of substances dissolved in water. Positive chemotaxis leads to 
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the irritable plants accumulating in the region of higher concentration 
of the chemotactic material. 

Such substances are of definite nature. Thus, for example, many 
bacteria are “ attracted ” by particular organic or inorganic food- 
materials, e.g . peptone, sugar, meat-extract, phosphates, etc., while 

they are “ repelled ” by other substances 
^ ¥ such as acids and alkalies. While the 

S v-pY-Y chemotaxis here serves the process of 

nutrition, its use is different in the case 
of spermatozoids ; these male sexual 
rp cells are thus attracted to the egg-cells. 
w 1 Fig. 356 shows the chemotactic attrac- 
tion of the spermatozoids by the female 
sexual cell of Edocarpns. Nuclei and 
chloroplasts may also show chemotactic 
I I movements. 

— v- — r~ The positive chemotaxis of motile 

organisms has been demonstrated since 
¥ the time of Pfeffer by mounting the 
chemotactically irritable organisms in 
5 water under a cover-glass, and intro- 
ducing beneath this a capillary tube 
d_ — filled with the chemotactic substance. 

After a short time there is an accumu- 



Fio. 274. — Varying positions taken by the 
chlorophyll grains in the cells of 
Levina trisulca in illumination of differ- 


lation of the chemotactic organisms 
in, and at the mouth of, the capillary 
tube. 

Some of the organisms when they have 
entered the field of diffusion place themselves 
in tlie direction of the gradient and move 
directly towards the centre of diifusion (topic 
reaction). Others arrive by chance at the 
mouth of the capillary tube and are then 
prevented from moving away by a phobic 
reaction. 


ent intensity. T, in diffuse daylight ; 

S , in direct sunlight; N, at night. The spermatozoids of Ferns are 
The arrows indicate the direction of attracted to the neck of the archegonium 

the light. (AfterSTAHL.) . ° u 

by malic acid or its salts ; the same result 
comes about in the Lycopods from citric acid, in the Mosses from cane- 
sugar and in the Marchantiaceae from albumin. Frequently the most 
minute amounts of the substance are effective. Thus a 0*001% solution 
of malic acid is sufficient to attract the fern-spermatozoids swimming in 
pure water. This minimal concentration of the chemotactic substance 
which determines by means of the capillary method a recognisable 
accumulation of the chemotactically sensitive organisms is termed the 
stimulus-threshold. The chemotactic movements only take place when 
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the distribution of the chemotactically active substance is unequal and 
a diffusion gradient exists. But homogeneous solutions of the chemo- 
tactic substances are not without influence, for they diminish the 
sensibility of the organisms. By employing a homogeneous solution 
of the chemotactic substance the stimulus-threshold of the organism is 
raised ; this follows a definite law. Thus in the case of the spermato- 
zoids of ferns the following values were found by Pfeffer : 


In water. 

,, 0*0005% malic acid 
„ 0 * 001 % „ ., 

„ 0*01% „ „ 


Stiniulus-threhhoM. 

. 0 *001% malic acid 

. 0*015% „ „ 

• 0*03% „ ,, 

• 0*3% „ 


This shows that the same relation must always hold between the solution 
around the organisms and that acting chemotactically on them ; the 
latter must be 30 times more concentrated than the former. This 
is known by the name of Weber’s law and closely resembles the law 
of the same name in psycho-physics. 

If chemotaxis is determined by oxygen it is called AEROTAXIS. 
It has been seen that bacteria which react in this way can be used to 
demonstrate the liberation of oxygen in carbon-assimilation (p. 241). 
In this case there is a positive aerotaxis of typical aerobionts, but on 
the other hand true anaerobionts exhibit a negative chemotaxis. 
Certain bacteria which are adapted to live at definite low pressures 
of oxygen can react to concentrations of this gas by positive or 
negative movements and thus seek out their optimal pressure of 
oxygen. 


The phenomenon of hyduotaxis, a directive movement due to the unequal 
distribution of water-vapour in the air, may he associated with chemotaxis. A 
positive hydrotaxis is shown by the plasmodia of Myxomycetes, and this passes 
into negative hydrotaxis at the time of spore-lormation. 

There are many other tactic movements in addition to those that have been 
mentioned. Osmotaxis is the term employed when the assembling of motile 
organisms is brought about not by the chemical nature of a solution but simply by 
its concentration^ ?"In thermotax ts_.it is the unequal distribution of heat, in 
GALVA notaxis the electric current, and in kheotaxis Mater -currents which 
determine the movements of the organisms ( 13n< *). 


II. MOVEMENTS OF CURVATURE 

The kinds of curvature which may take place in the organs of 
attached plants are illustrated by Fig. 275. A four-angled prism 
is of equal length along each of its angles. If it is bent in one plane 
the angles of the concave side must become markedly shorter than 
those of the convex side. An elongation of one side or a shortening of 
the other side or simultaneous lengthening of one side and shortening 
of the opposite side must lead to curvature. AY hen in this process of 
bending the column remains in one plane, it is spoken of simply as 
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curved. When, however, it passes out of the one plane so that the 
bending follows a line oblique to the longitudinal axis it is spirally 
wound (IV). Lastly, when the column remains as a whole straight 
but its angles follow spiral lines, it is termed twisted (III). The 
torsion comes about by a difference in length between the middle line 
and the angles ; all the latter are of equal length. 

Ways in which Curvatures are produced. — In the production of 
curvatures we are always concerned, as has just been shown, with 
changes in the dimensions of an organ due to unequal lengthening or 
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Fio. 27'». — Four -angled prism. 7, Straight; 77, curved ; 
III , twisted ; IV, spirally wound. 


shortening. In bringing about these changes in dimension the follow- 
ing means are employed by the plant : 

1. Growth. This can only lead to elongation. 

2. Turgor-pressure. This can effect an elongation or a shortening 

according as it is increased or diminished. 

3. Variations in the amount of water in the cell- wall or in dead 

cells. These also can effect either elongation or shortening. 

According to the means employed in altering the dimensions, 
the curvatures of plants may be divided into growth-curvatures, 
VARIATION MOVEMENTS DEPENDING ON TURGESCENCE, and HYGROSCOPIC 
MOVEMENTS. Since growth and turgor-pressure are vital phenomena, 
ie. are essentially influenced by the living protoplasm, they will be 
treated below along with the locomotory movements which are 
i dependent on the living substance of the plant. The hygroscopic 
! movements, on the other hand, are not vital phenomena ; they may 
occur in living organs, but equally well in dying or dead organs, and 
are brought about exclusively by external factors. The protoplasm 
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only plays a part in these movements in that it has led to such a 
construction of the organs that changes in the amount of water present 
produce curvatures and not a simple change in length. 

A. Hygroscopic Movements 7 A fr 

Two quite distinct types of movement are included in the 
hygroscopic movements. In the first, which are termed imbibition 
MECHANISMS ( 131 ), the cell-walls increase in size on swelling or contract 
on shrinking. 

The swelling depends on the fact that the water of imbibition is 
not contained in cavities like those in a porous body (such as a sponge 
or a piece of plaster of Paris) that contain the capillary water, but 
in being absorbed has to force apart the minute particles of the cell- 
wall. Conversely these particles approach one another again when 
the imbibition water evaporates and shrinking takes place. When on 
different sides of an organ there are cell-walls or layers of the wall 
which differ in their powers of imbibition, curvatures must take place 
every time the organ is moistened or dries. Though we are here 
dealing with purely physical phenomena, they may possess great 
importance for the plant. 

The rupture of ripe seed-vessels, as well as their dehiscence by the opening of 
special apertures, is a consequence of the unequal contraction of the cell-walls due 
to desiccation. At the same time, by the sudden relaxation cf the tension, the 
seeds are often shot out to a great distance ( Euphorbia , Geranium , etc.). This 
dehiscence ffn drying is termed xerochasy, and is contrasted with the opening of 
the fruits and dispersal of the seeds in some desert plants when they are moistened 
(hyCtIiochasy). The best example of this is the fruit of Mesembryanthemum 
linguiforme . The behaviour of the “ Rose of Jericho ” ( Anastatica hierochuntiea) 
is similar. The whole plant when fruiting dries up, and owing to the unequal 
shortening of the upper and under sides of the branches becomes contracted into a 
spherical mass. On the addition of water, the plant resumes its original form,] its 
fruits open and shed the seeds which are thus under favourable conditions for 
germination. With Anastatica some other plants ( e.g . Odontospermum) may be 
mentioned, to some of which the name Rose of Jericho is also applied. In certain 
fruits not only curvatures but torsions are produced as the result of changes in the 
amount of water they contain, e.g . Erodium gruinum (Fig. 276), Stipa pennata t 
Avena sterilis ; by means of these, the seeds bury themselves in the earth. If a 
partial fruit of Erodium having the form of Fig. 276 A is laid flat on the soil it 
starts a boring movement into the latter owing to differences in the water-content 
of the air. The obliquely backwardiy directed hairs on the fruit lead to the 
movement being downwards into the ground. 

The opening or closing of the moss sporogonium is, in like manner, due to the 
hygroscopic movements of the teeth of the peristome surrounding the mouth of 
the capsule. In the case of the Equisetaceae the outer w r alls of the spores them- 
selves take the form of four arms, which, like elaters, are capable of active 
movements. 

In order to call forth imbibition movements the actual presence of liquid water 



336 - 


BOTANY 


PART I 


is not necessary, for the cell- walls have the power of absorbing moisture from the 
air. They are hygroscopic, and such structures as the fruit of Er odium are used 
to estimate the humidity of the air in hygrometers and weather-glasses. 

The mechanisms which depend on the cohesive power of water 
are distinguished from those depending on imbibition. The cohesion 
MECHANISMS ( 132 ) were previously confounded with the latter, from 
which they differ in that, even during the movement, the cell-walls 
remain saturated with water. It is the lumen of the cell which 

diminishes in size when the loss 
of water, on which the movement 
depends, occurs. A good example 
is afforded by the movements of the 
sporangium of the Polypodiaceae on 
drying. The sporangia are stalked, 
biconvex bodies containing the spores 
within a wall composed of one layer 
of cells. While the rest of the wall 
is composed of thin-walled cells, one 
row of peculiarly thickened cells 
forms a vertically placed semicircle 
(Fig. 277 la). The cells of this 
ANNULUS (Fig. 277, 2) have their 
outer walls thin, the lateral walls 
increasingly thickened from the out- 
side inwards, and the inner walls 
thick. On exposure to dry air the 
ceils of the annulus gradually lose 
the contained water. The watery 
contents do not, however, separate 
from the cell-wall nor does a rupture 
occur in the liquid, since the adhesion 
to the wall and the cohesion of the 
molecules of water is very great, 
amounting to more than 300 atmo- 
spheres. A deformation of the cell- 
wall, therefore, follows the dimin- 
ishing water-content ; the thin outer 
wall (Fig. 277, 3) is pulled inwards, thus approximating the thickened 
lateral walls. There thus comes about an energetic one-sided shortening 
of the annulus which leads to the slow opening of the sporangium. 
The majority of the spores remain still attached to the sporangial 
wall. With further loss of water the contained water ultimately 
tears apart from the wall, and the cells of the annulus resume 
their original form. Since this occurs suddenly, the majority of 
the spores are forcibly thrown out, as the sporangium again closes. 
This catapult-like mechanism scatters the spores to a considerable 



Flo. 27(5.— rartial fruit of Erodium gruinum. 
A, in the dry condition, coiled ; B, moist 
and elongated. (After Noll.) 
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distance and increases the chance of their finding suitable conditions 
for germination. 

The sporangia of other Vascular Cryptogams and the walls of 
pollen -sacs afford in their opening other examples of cohesion - 
mechanisms. Many hygroscopic curvatures also depend on the 
co-operation of movements depending on imbibition and on cohesion. 

B. Movements of Curvature in the Living Plant \)0 > 

As in the case of plants which exhibit active locomotion, the 
phenomena of movement in attached plants may occur when all 
the general conditions of vital phenomena are present, but sometimes 


o o 



Fio 277.— 1. Sporangium of a Polypodiaceous Fein. (After Jost.) 2. Cells of annulus in original 
position. 3. After partial evaporation of thp water filling them (w) ; the upper cell-wall (<») is 
eurved m, while the lower (a) retains its original length. (2, 3 after Noll.) 

only when a particular factor (stimulus) is acting. The latter deter- 
mines either the amount of the curvature only or its direction also. 
Movements which take place without such specific external stimuli 
are termed autonomic, while the others are termed induced or 
PARATONIC movements. 

U'- f. Autonomic Movements of Curvature 

, The growth of the shoot or root in a straight line (with 
the characteristic grand period of growth, dependent, as has been 
shown, wholly on internal causes) is an autonomic movement. A 
number of growth-curvatures or nutations are associated with this 
growth, and it might almost be said that there is hardly such a thing 
as growth in a straight line. The tips of the organs describe extra- 
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ordinarily irregular curves in space ; they exhibit “ circumnutations,” 
as was discovered by Darwin. While these curvatures are usually so 
slight as not to be perceptible without the aid of special methods, cases 
exist in which organs exhibit very conspicuous, striking, and regular 
autonomic growth-curvatures. 

When the unequal growth is not confined to one side, but occurs alternately on 
different sides of an organ, the nutations which result seem even more remarkable. 
Such movements are particularly apparent in the flower-stalk of an Onion, which, 
although finally erect, in a half-grown state often curves over so that its tip touches 
the ground. This extreme curvature is not, however, of long duration, and the 
flower-stalk soon becomes erect again and bends in another direction. 

If the line of greatest growth advances in a definite direction around the 
stem, the apex of the latter will exhibit similar rotatory movements (revolving 
nutation). This form of nutation is especially marked in the tendrils and shoots 
of climbing plants, and facilitates their coming in contact with a support. 

Among autonomic movements of curvature an important place is 
occupied by a number which are shown in the development of shoots, 
leaves and flowers. These have of late been specially investigated by 
Goebel who has given them the appropriate name of “unfolding 
movements.” 

The unfolding of most leaf and flower buds, for example, is a nutation move- 
ment which is induced by the more vigorous growth of the upper side of the young 
leaves (e pinas fy). The same unequal growth, in this case of the under side, mani- 
fests itself most noticeably in the unrolled leaves of Ferns and many Cycadeae 
fhypo nasty). The stems of many seedlings are, on their emergence from the seeds, 
strongly curved, and this aids them in breaking through tlie soil ( 133 ). 

Besides these nutations which result from growth, autonomic 
variation movements are also met with, though less commonly. 
They are almost confined to foliage leaves, and indeed to those which 
have pulvini at the base of the petiole and of its further ramifications. 
Pulvini occur especially in Leguminosae and Oxalideae, also in Marsilia , 
and are characterised by a structure which corresponds to their par- 
ticular function. 

In the ordinary parenchymatous cell the cell- wall, owing to its growth in 
thickness, ceases to be stretched ; on plasmolysis it therefore does not contract in 
the same degree in full-grown cells as it does in growing cells (cf. Fig. 233). Con- 
versely on an increase of the internal pressure the wall only becomes slightly 
stretched. In some cases, however, and the pulvinus is an example, the cell-walls 
even in their fully-grown state are considerably distended by the turgor- pressure. 
This is shown not only by their behaviour on plasmolysis, but also by the 
persistence of marked tissue-tensions. A pulvinus of one of the Leguminosae, 
such as the Kidney Bean, has the vascular bundles and the sclerenchyma, which 
are peripherally arranged in the leaf-stalk (Fig. 278, 1), united to form a central and 
easily-bent strand ; this is surrounded by a thick zone of parenchyma (Fig. 278, 2, 3). 
If the middle sheet of tissue is cut out from a pulvinus isolated by two transverse 
sections (Fig. 278, 4), the bulging of the cortical parenchyma both above and 
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below shows the considerable tension. On splitting the portion of the pulvinus 
longitudinally as in Fig. 278, 5, the tendency towards expansion of the parenchyma, 
especially of its middle layers, is very clearly shown. 

It will now be readily seen that an increase in turgescence on all sides will 
increase the tension between the vascular bundle and the parenchyma and thus 
increase the rigidity of the pulvinus. On the other hand, an increase of the turgor- 
pressure on one side or a diminution on the other side, or the occurrence of both these 
changes together, w r ill cause a lengthening of the one side and a shortening of the 
other side which naturally curves the pulvinus. The vascular bundle is passively 



Fio. 27S. — 1, Transverse section through the petiole of the Bean. The same th tough the pul- 
vinus. 8, Longitudinal section through the pulvinus and its continuation into the petiole. 
4, Slice through middle of pulvinus placed in water; P, cortical parenchyma; (i, vascular 
bundle. 5 , The same after separation of cortex from vascular bundle. (4 and 5 after Sachs. 
All slightly enlarged.) 

bent, and undergoes no alteration in length. The passive movement of the part 
of the leaf attached to the pulvinus is due to the curvature of the pulvinus. 

Autonomic variation movements are probably present in all leaves 
provided with pulvini, but only attain a striking degree in a few 
plants. 

Thus the small lateral leaflets of Desmodium gyrans move uniformly or move 
interruptedly in elongated ellipses. At higher temperatures (30-35° C.) the move- 
ment is very rapid, the course being completed in half a minute. The movement 
of the leaflets of Oxnlis hedysaroides is still more rapid, the tip moving through 
O’S-l’S cm. in one or a few seconds. While the autonomic movements of these 
two plants do not appear to be affected by light, those of Trifolium pratense are 
completely suppressed in light. In the dark, however, the terminal leaflet 
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exhibits oscillatory movements with an amplitude that may exceed 120° ; these are 
regularly repeated in periods of two to four hours. 

As has been pointed out the external factors on which life is 
dependent (p. 202) must be present in sufficient degree for these 
curvatures to take place. Overstepping the maximum or the minimum 
for external factors leads to conditions of rigor in which no movements 
take place. Thus a condition of rigor due to cold, heat, darkness, 
dryness, etc., can be recognised. Injurious chemical influences 
(poisonous effects) also lead to a condition of rigor. 

2. Paratonic Movements (Stimulus Movements) ( 134 ) 

In the induced or paratonic movements an external factor always acts 
as a stimulus and starts the movement. By means of these movements 
attached organisms bring their organs into the positions in which 
their functions can be best carried out. If the organs of a seedling 
continued to grow on in the directions which have been accidentally 
brought about on sowing the seed, the root would often grow into the 
air and the shoot into the soil. 

Light, heat, gravity, and chemical or mechanical influences of the 
most various kinds enable the plant to orientate itself in its environ* 
ment. The different organs of a plant often show quite different re- 
actions to the same external stimulus. Thus the stem and root, while 
both tending to place themselves in the direction of the rays of light, 
usually grow towards or away from its source respectively ; the leaves, 
on the other hand, place their flat surfaces at right angles to the incident 
rays. The mode of reaction is not determined once and for all, but 
can be profoundly modified. The tone of the plant is thus altered, 
the change being brought about by either internal or external factors. 

Those movements which bring about a particular position with 
regard to the direction of action of the stimulus may be grouped 
together as movements or orientation or tropisms. The other 
movements of curvature, leading to the assumptions of definite posi- 
tions with respect to the plant and not to the direction of the stimulus, 
are termed nastic movements. 

(a) Tropisms 

In the movements of orientation we have to distinguish ortho- 
tropic (parallelotropic) and plagiotropic organs. The former place 
themselves in the direction of the stimulus and approach the 
source of the stimulus (positive reaction) or move away from it 
(negative reaction). Plagiotropous organs place themselves at right 
angles to the direction of the stimulus or obliquely to its direction. 
The mode of reaction of any particular organ may be changed by 
external or internal factors. The movements of orientation are 
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distinguished as phototropic, geotropic, etc., according to the stimulus 
bringing them about. 

The tropisms of attached plants correspond to the tactic movements of motile 
plants. As in the case of the latter, their significance lies in the attainment of 
favourable conditions of life. The effective stimulus, the positive and negative 
modes of reaction, and the alternation from one to the other are completely 
analogous to the phenomena already described in relation to tactic movements. 

1. Gb:otropism ( 135 ) 

It is a matter of experience that the trunks in a Fir wood are 
all vertical, and therefore parallel to one another ; the branches and 
leaves of those trees, on the other hand, take other positions. If, 
instead of a tree, we consider a seedling, for example of the Maize, 
we find that, at any rate to begin with, the organs stand in the 
vertical line. At the same time, we here observe more readily than 
in the case of a tree the totally different behaviour of the root and 
the stem, the former growing vertically downwards and the latter 
upwards. If we bring the seedling from its natural position and 
lay it horizontally we find that a curvature takes place in both 
organs ; the root curves downwards, and the shoot of the seedling 
upwards. Since these curvatures are not effected at the region 
where the root passes into the shoot, but in the neighbourhood of 
the apices of the two organs, a region of variable length remains 
horizontal, and only the two ends of the plant are brought by 
the curvature back into their natural directions, and continue to 
grow in them. That this vertical growth of the main root and main 
stem is duo to gravity is apparent from direct observation, which 
shows that these organs are similarly orientated all over the globe, 
and lie in the direction of radii of the earth. The only force acting 
everywhere in the direction of the earth’s radius that we know of is 
gravity. Not, however, as a result of this line of thought, but from 
the experiments of Knight (1806), was this knowledge introduced 
into our science. Knight’s experiments rest on the following 
consideration. It is evident that gravity can only cause the root to 
grow downwards, and the stem to grow upwards, if the seed is at 
rest and remains in the same relative position to the attractive force 
of the earth. From this Knight conjectured “that this influence 
could be removed by the constant and rapid change of position of 
the germinating seed, and that we should further be able to exert an 
opposite effect by means of centrifugal force.” He therefore fastened 
a number of germinating seeds in all possible positions at the periphery 
of a wheel, so that the root on emerging would grow outwards, inwards, 
or to the side, and he caused the wheel to rotate round a horizontal axis. 
Since this rotation was very rapid, not only was the one-sided action of 
gravity excluded, but at the same time a considerable centrifugal force 



842 


feOTANY 


PART I 


was produced, which in its turn influenced the seedlings. The result of 
the experiment was that all the roots grew radially away from, and 
all the shoots radially towards the centre of the wheel. Thus the 
centrifugal force determined the orientation of the seedlings as gravity 
does normally. 

In another experiment Knight allowed gravity and centrifugal 
force to act simultaneously but in different directions on the seed- 
lings. The plants were fastened on a wheel which rotated round a 
vertical axis. When the distance of the plants from the centre and 
the rapidity of rotation were so adjusted that the mechanical effects 
of the centrifugal force and of gravity were equal, the roots grew out- 
wards and downwards at an angle of 45° and the stem inwards and 
upwards at the same angle. As the rapidity of rotation increased, the 
axis of the seedlings took a position approximating more to the 
horizontal. It results from these experiments that the plant does 
not discriminate between gravity and centrifugal force, and that the 
one can be replaced by the other. Both these forces have this in 
common, that they impart to bodies an acceleration of mass. These 
facts are of the greatest importance for the experimental investigation 
of geotropism, since only the centrifugal force, and not the force of 
gravity can be varied in intensity in the laboratory. 

An essential addition to the fundamental researches of Knight 
was given much later (1874) by the experiments of Sachs. In these 
the plants were rotated round a horizontal axis as in Knight’s fir§t 
experiment, but the rotation was slow, taking ten to twenty minutes 
to effect one complete rotation. This is so slow that no appreciable 
centrifugal force is developed. Since, however, by the continual 
rotation any one-sided influence of gravity is eliminated, the roots and 
shoots grow indifferently in the directions which they had at the 
beginning of the experiment. In this experiment Sachs employed 
a piece of apparatus termed the klinostat. 

The property of plants to take a definite position under the 
influence of terrestrial gravity is termed geotropism. It has been 
seen that there are not only orthotropic organs which place them- 
selves in the direction of gravity, and grow positively geotropically 
(downwards) or negatively geotropically (upwards), but also plagio- 
tropic organs which take up a horizontal or oblique position. The 
positions assumed by the lateral organs are also — though as a rule 
not exclusively — determined by gravity. 

All vertically upward- growing organs, whether stems, leaves 
(Liliiflorae), flower- stalks, parts of flowers, or roots (such as the 
respiratory roots of Sonneratia (Fig. 181), Palms, etc.), are negatively 
geotropic. When such negatively geotropic organs are forced out of 
their upright position, they assume it again if still capable of growth. 
In negatively geotropic organs, growth is accelerated on the side 
towards the earth; on the upper side it is retarded. In consequence 
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of the unequal growth thus induced, the 
erection of the free-growing extremity is 
effected. 

The actual course of the directive movement 
of geotropism, as will be seen from the adjoining 
figure (Fig. 279), does not consist merely of 
a simple, continuous curvature. The numbers 
1-16 show diagrammatically, different stages in 
the geotropic erection of a seedling growing in 
semi-darkness and placed in a horizontal position 
(No. 1). The growth in the stem of the seedling 
is strongest just below the cotyledons, and 
gradually decreases towards the base. The 
curvature begins accordingly close to the coty- 
ledons, and proceeds gradually down the stem 
until it reaches the lower, no longer elongating, 
portions. Owing to the downward movement of 
the curvature, and partly also to the after-effect 
of the original stimulus, the apical extremity 
becomes bent out of the perpendicular (Nos. 7, 8), 
and in this way a curvature in the opposite 
direction takes place. For two reasons this 
excessive curvature must again diminish (13-16) ; 
the stem is now exposed to another geotropic 
stimulus in the opposite direction to the first, 
and this is combined with a tendency to 
straighten, which is termed auiotiiopism (p. 359). 

In some cases negatively geotropic curvatures 
may take place in full-grown ( 136 ) shoots, i.e. in 
such as no longer exhibit growth in length when 
not geotropically stimulated. Thus in woody 
stems and branches the growth in length of the 
cambium of the lower side may bring the organ 
into the erect position as a result of geotropism. 
The greater the resistance of the parts which 
have to be passively bent the more slow and 
incomplete will this response be. The so-called 
nodes of grasses, which in reality are leaf- 
cushions, can also be stimulated by geotropism to 
further growth. If the stimulus acts on all sides, 
as when the node is horizontally placed and 
rotated on the klinostat, all the parenchymatous 
cells exhibit a uniform elongation. If the node 
is simply placed horizontally the growth is 
limited to the lower side while the upper side is 
passively compressed (Fig. 280). By means of 
such curvatures in one or several nodes grass- 
haulms laid by the wind and rain are again 
brought into the erect position. 

Positive geotropism is exhibited in 



Fio. ‘279. — Different stages in the pro- 
cess of gootropic movement. The 
figures 1-16 indicate successive 
stages in the geotropic curvature of 
a seedling grown in semi-darkness : 
at 1 , placed horizontally ; at 16 , 
vertical. For description of inter- 
mediate stages see text. (After 
Noll. Diagrammatic.) 
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tap-roots, in many aerial roots, in the plumules of some Lili- 
aceae and in the rhizome of Yucca. All these organs, when placed 
in any other position, assume a straight downward direction, 
and afterwards maintain it. Positively geotropic, like negatively 
geotropic, movements are possible only through growth. The 
power of a downward curving root-tip to penetrate mercury (speci- 
fically much the heavier), and to overcome the resistant press- 
ure, much greater than its own weight, proves conclusively that 
positive geotropism is a manifestation of an active process. Positive 
geotropic curvature is due to the fact that the growth of an organ 
in length is promoted on the upper side, and retarded on the side 
turned towards the earth ( 137 ). 

Fig. 281 represents the course of ^ 

the geotropic curvature in a root. X — 


Z 
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Ficl 280.— Geotropic erection of a grass-haulm 
by the curvature of a node. 1, Placed hori- 
zontally, both sides (it, o) of the node being 
of equal length ; 2, the under side (m) 
lengthened, the upper side (o) somewhat 
shortened by compression ; as a result of 
the curvature the grass-haulm has been 
raised through an angle of 75°. (After 
Noll.) 
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Fio. 281.— Geotropic curvature of the roots 
of a seedling of Vida Faba. I, Placed 
horizontally ; II, alter seven hours ; III, 
after twenty-three hours ; Z, a fixed index. 
(Alter Sachs.) 


Most lateral branches and roots of the first order are plagiogeotropic, while 
branches and roots of a higher order stand out from their parent organ in all direc- 
tions. These organs are only in a position of equilibrium when their 

LONGITUDINAL AXES FORM A DEFINITE ANGLE WITH THE LINK OF THE ACTION OF 

gravity. A special instance of plagiogeotropism is exhibited by strictly horizontal 
organs, such as rhizomes and stolons, which, once they have attained their proper depth, 
show a strictly transverse geotropism (diageotropism). Should the proper depth 
not be attained, the plant tends towards it by upwardly or downwardly directed move- 
ments, and then takes on the horizontal growth. The oblique position naturally 
assumed by many organs is in part the result of other influences ( 137rt ). 

A special form of geotropic orientation is manifested by dorsivcntral organs, e.g . 
foliage leaves, zygomorphic flowers (p. 69). All such dorsiventral organs, just as 
radial organs that are diageotropic, form a definite angle with the direction of 
gravity, but are only in equilibrium when the dorsal side is uppermost. It is 
immaterial which side of a radially symmetrical organ is uppermost so long as the 
axis of the organ has the correct inclination. In the orientation of dorsiventral 
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organs, not merely simple curvatures but torsions are concerned. The rotation 
of the ovaries of many Orchidaceae, of the flowers of the Lobeliaceae, of 
the leaf-stalks on all hanging or oblique branches, of the reversed leaves (with the 
palisade parenchyma on the under side) of the Alstroemeriae and of Allium 
ursinum, all afford familiar examples of torsion regularly occurring in the process 
of orientation. 

The foliage leaves which possess pulvini must again be specially mentioned 
among dorsi ventral organs, since they can change their position by geo tropic 
variation movements in the fully-grown state. 

Twining Plants ( 138 ), which are found in the most various families 
of plants, have shoots which require to grow erect but are unable to 
support their own weight. The utilisation of a support produced 
by the assimilatory activity of other plants is a peculiarity they 
possess in common with other climbers, such as tendril- and root- 
climbers. Unlike them, however, the stem-climbers accomplish their 
purpose, not by the help of lateral clinging organs, but by the 
capacity of their main stems to twine about a support. The first 
internodes of young stem-climbers, as developed from the subterranean 
organs which contain the reserve food-material, as a rule stand erect. 
With further growth the free end curves energetically to one side and 
assumes a more or less oblique or horizontal position. At the same time 
the inclined apex begins to revolve in circles like the hand of a watch 
(cf. p. 338). This movement continues from the time of its inception as 
long as the growth of the shoot lasts, and as a rule takes place in a 
definite direction. In the majority of twining plants the circling move- 
ment as seen from above is in the direction opposite to that of the hands 
of a watch (towards the left as we commonly express it). The Hop 
and the Honeysuckle twine to the right, in the direction of the hands 
of a watch. Either direction in different individual plants, and even a 
change of direction in the same individual, have been observed in 
Polygonum Convolvulus and Loctsa lateritia. 

The revolving movement is regarded by some authors as purely autonomic ; 
on the other hand, it is held that gravity has a determining influence upon it. 
This disputable question is still unsettled. 

The commencement of the revolving movement does not by itself 
determine a twining movement. This only begins when the shoot 
meets a more or less vertical and not too thick support. This is 
enclosed in loose and at first very horizontal spirals, which gradually 
become more erect and steeper. The plants that circle to the left are 
also left-handed climbers, i.e. the spiral which their stem forms 
(Fig. 282, 1), mounts from the left to the right and, as seen from 
above, against the direction of the hands of a watch. Similarly the 
plants that circle to the right are right-handed climbers (Fig. 282, 2). 
The straightening results from negative geotropism and leads under 
otherwise favourable conditions when the support is subsequently re- 
moved to a complete obliteration of the spiral coils, the straightened 
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stem appearing twisted. If the support is not removed it leads to 
tightening of the spiral and increased pressure on the support. The 
twining movement thus comes about by the revolving movement to- 
gether with negative geotropism. The support plays a part in that it 
prevents the otherwise inevitable straightening. It must stand more 

or less vertically, because otherwise 
it would not be continually grasped 
by the overhanging tip of the shoot. 

The twining is further assisted by the 
shoots of the twining plant having when 
young elongated intern odes while the 
leaves remain small. In this respect these 
shoots resemble those of etiolated plants ; 
the delayed unfolding of the leaves allows 
of the regular circling of the tip which 
might otherwise be interfered with by the 
leaves encountering the support. The firm 
hold on the support is fivijuently increased 
by the roughness of the surlue.c of the 
stem owing to hairs, prickles, ridges, etc. 
Torsions also, the causes of which cannot 
be entered into here, have a similar effect. 

Alteration of the Geotropic 
Position of Rest. — The position 
assumed by an organ as a Jesuit of 
a definite geotropic stimulation is 
not determined once and for all, but 
is liable to change owing to internal 
and external influences. There is 
thus a “ change of tone ” as regards 
geotropic stimulation. A certain 
“ tone ” is thus regarded as the 
normal one, and the resulting reac- 
tions are expressed in the distinction 

Yu-,. — Kinistroise si mol <>f I'bnhUls. () f Ol’tllOtl'OpoUS and plagiotropOUS, 

n, Dextrorse sii«»ot ot Myrsiphniimn an j positively and negatively geo- 

aspam guides. (After Noll.) . 1 ' V J ° 

tropic organs respectively. 

Among the external factors which influence the geotropic tone, 
light, temperature, oxygen, and gravity itself may be mentioned, and 
as an internal factor the developmental phase of the organ. 

The alteration of geotropic reaction by the illumination 1ms an important, 
influence on the depth at which rhizomes occur. When tin- tip of a rhizome of 
Adoxa growing on a slope becomes exposed to the light, its tmnsverse geotropism 
becomes altered to positive geotropism, and this leads to the rhizome again enter- 
ing the soil. Frequently the influence of light on the parts of the plant shove 
ground suffices to direct the subterranean rhizome. If the rhizome of /V ipjinmlum 
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is planted too high in the soil, although covered by earth and in the dark, the 
new growth turns obliquely downwards ; if planted too deeply it turns upwards 
( Fig. 283). At the correct depth the rhizome is transversely geotropic. Light 
also acts strongly on the geotropism of lateral roots ; when illuminated the lateral 
roots of the first order approach the orthotropous position more closely than they 
do in the dark. 

An effect of temperature may be observed on the stems of some spring plants ; 
these often lie on the ground at temperatures in the neighbourhood of 0° C. and 
only become orthotropous at higher temperatures. With lack of oxygen some 
roots and rhizomes become negatively geotropic, and thus reach regions where more 
oxygen is available. 

Changes of tone due to internal causes are seen, for instance, in rhizomes, which 
at a certain stage of development change from the diageotropic position and 



Fiu. *283. — Rhizome of Polygon at urn. The dotted line nuuks the surface of the soil. The aerial 
shoots are cut otf. Rhizome 1 was planted too high ; its continuation is downwards, only 
the teiminal bud which will form a floweung shoot being directed upwards. Rhizome 2 was 
planted elect and too deep ; its continuation is obliquely upwards. (After Raunkiaer.) 


become orthotropous, or in inflorescences which become positively geotropic after 
fertilisation ( ,M ). In this way the fruits of Trifolium subferraneum and of Aracliis 
hypogaca become buried in the, soil. In twining stems also a change of tone has 
been noted ; while young they do not twine. 

Geotropism as a Phenomenon of Irritability. — The discoverer 
of geotropism, Knight, attempted to explain the geotropic move- 
ments on purely mechanical lines ; this did not seem difficult, 
especially for positively geotropic organs. He regarded them as 
simply following the attractive force of gravity till a condition of 
rest is attained. Later Hofmeister advanced similar views. The 
correct assumption, that we are concerned with complicated stimulus 
mechanisms in which terrestrial gravity only plays the part of the 
liberating factor, depends on the work especially of Dutrochet, 
Frank, and Sachs. Even the single fact that the root can carry out 
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its geotropic curvature against the resistance of mercury is sufficient 
to call in question every purely mechanical explanation. 

Only in recent times has the attempt been made to determine 
what is the primary effect of gravity in the plant ( 14 °). There is 
no doubt that we are concerned with an effect of pressure ; the fact 
that gravity can be replaced by centrifugal force is in favour of this. 
This effect of pressure only comes into action in the case of ortho- 
tropous organs in proportion as it acts at right angles to the longi- 
tudinal axis, and thus in relation to the vertical component when 
the organ is placed obliquely. Since the value of this is determined 
by the sine of the incident angle, this is termed the sine-law. Two 
forces, such as gravity and centrifugal force, acting at an angle behave 
according to the parallelogram of forces in producing their resultant 
effect (law of the resultant). Lastly, it is clear that the pressure 
must act within the cells, and is in no way replaceable by external 
influences. 

F. Noll first elaborated the idea that there must be some bodies in the cells 
of greater specific gravity than the surrounding protoplasm, and capable, under 
the influence of gravity, of exerting a one-sided pressure on the protoplasm : 
On this taking place the protoplasm directs the processes of growth in accordance 
with the direction of the force of gravity. NftMEC and Haberlandt then sug- 
gested that these specifically heavier bodies (statoliths) might be found in certain 
starch-grains which show relatively rapid movements of falling in the cells. They 
found such starch-grains in theendodermis of the stem (p. 90) and in the cells of the 
root -cap. They assume that the stimulus of gravity can only directly affect 
portions of the plant provided with such starch-grains, but that it may be con- 
ducted from these points to others. It has in fact been demonstrated that in the 
root it is mainly the tip which receives the stimulus of gravity. According to 
investigations of Staiil and Zollikofeh, it is possible in some cases to bring 
about the solution of the statolith starch ; geotropism then disappears while 
growth and the capacity for phototropic response continues. This shows that in 
these cases the starch-grains are essential for the reception of the stimulus. 
According to other investigators it is not only such large constituents of the cell 
that are concerned in the process but also the microsomes, if these differ in specific 
weight from the hyaloplasm. This assumption would explain cases ( e.g . moss- 
rhizoids) in which geo- perception is still possible after the disappearance of the 
starch. In geotropic fungi, where large statoliths are never found, other bodies 
must be effective. 

The result of the primary pressure-effect w r as first supposed to be some chemical 
change ; later, processes of imbibition and contraction were considered. More 
recently the suggestion has been entertained that the statoliths may not act by 
the pressure they bring about, but by altering the electric charges during their 
fall. If the starch -grains or the microsomes are negatively charged, their change 
of position would give rise to a difference of potential. Once this were present a 
movement of ions in the cell would result which would lead to shifting of the electro- 
lytes of the protoplasm. In this way asymmetrical phenomena of imbibition might 
commence and thus lead to the curvature constituting the reaction ( 141 ). 

As a rule we can only infer the geotropic irritability of an organ 
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from the curvatures that take place, but in some cases it can be 
done independently of this reaction. Thus, for example, in some 
grass seedlings (Paniceae) that have a well-developed internode 
beneath the sheathing leaf, the latter becomes full-grown and no longer 
capable of curvature ; it is, however, still geotropically sensitive, since 
on the sheath being exposed to the one-sided action of gravity the 
internode below, which is not itself sensitive to the stimulus, becomes 
curved. The geotropic stimulus must have been conducted from the 
sheathing leaf to the internode. In other grass seedlings (Poaeoideae) 
it has been observed that the tip of the sheath is much more sensitive 
to the geotropic stimulus than the zone of maximal growth, and a 
similar diminution of the sensibility on passing backwards from the 
tip holds for roots. It is possible with special apparatus to stimulate 
geotropically in opposite directions the apex and growing zone of 
such objects by centrifugal force, and to show that the curvature 
of the growing zone is then determined by the stimulated tip. There 
is thus a conduction of the stimulus in the basal direction which 
overcomes the direct stimulation of the growing zone. In such cases 
a clear separation of three processes is evident, the reception of THE 
STIMULUS (perception), the CONDUCTION OF THE stimulus, and the 
RESPONSE or REACTION. An organ may be perceptive without being 
able to react, or conversely. We are justified in assuming that these 
three parts of the process must be distinguished in cases where they 
are not so evident. 

It can be inferred from these experiments that the degree of 
geotropic curvature and the rapidity with which it is produced in 
no way measures the amount of the stimulus, since they are largely 
dependent on the capacity for growth. The degree of geotropic 
stimulation depends both on the specific receptivity of the stimulated 
organ and on the amount of stimulus which it has received. For 
any given organ it is directly proportional to the amount of stimulus. 
By this is understood the product of the intensity of the stimulus 
and the duration of its action. Thus, it is the same so far as result 
is concerned, whether a high centrifugal force for a short time or a 
less force for a correspondingly longer time be employed. This law 
of the amount of stimulus ( 142 ) which stands in close relation to the 
laws of the sine, and of the resultant previously distinguished, 
only holds within certain limits. 

It has been shown that an orthotropous organ, when laid horizontally 
under constant external conditions, begins to curve after a definite time. 
The period from the commencement of stimulation to the commence- 
ment of the reaction is termed the reaction-time. To obtain a 
geotropic reaction, however, it is not necessary to stimulate an organ 
during the whole reaction-time. A much shorter period of stimulation 
is sufficient to obtain a geotropic curvature as an after-effect from the 
organ which has been replaced in the vertical position. The minimal 
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period of stimulation after which a visible curvature results is termed 
the PRESENTATION-TIME. The law of amount of stimulus only applies 
to stimuli which last as long or somewhat longer than the presentation- 
time; the presentation-time is thus inversely proportional to the 
intensity of the stimulus. No corresponding increase of geotropic 
curvature follows larger amounts of stimulus. 

As in the case of other properties of the plant the react' on* time and the presenta- 
tion-time exhibit profound variations, so that typical variation curves are obtained 
by statistical investigation. Trundle found as mean reaction-times, 32 minutes 
for shoots of Oats, and 21 minutes for roots of Cress. Some seedlings of Oats 
reacted after less than 14 minutes while others required more than 49 minutes. 
In the majority of plants the reaction -times are longer. The presentation-times 
have been frequently found to be 2, 3, to 10 or more minutes. 

Stimuli below the presentation-time are not without effect. On 
repetition (intermittent stimulation) they are summed up and result in 
a curvature when the sum of separate stimuli amounts to the presenta- 
tion-time, if the intervals between the separate stimuli have not been 
too great. A lower limit for the duration of separate stimuli has not 
as yet been determined. 

2 . Phototropism (LIkliotropism) ( 143 ) 

Phototropic curvatures result from the incidence of light from one 
side. A good opportunity for the observation of heliotropic phenomena 
is afforded by ordinary window-plants. The stems of such plants do 
not grow erect as in the open, but are inclined towards the window, 
and the leaves are all turned towards the light. The leaf stalks and 
stems are accordingly orthotropic and positively phototropic. 
In contrast to these organs the leaf -blades take up a position at 
right angles to the rays of light in order to receive as much light as 
possible. They are diaphototropic, or transversely phototropic, 
in the strictest sense. It is less easy to observe examples of negative 
phototropism in which the organ grows away from the source of light. 
In Fig. 284 the phototropic curvatures which take place in a water 
culture of a seedling of the White Mustard are represented. 

Sensitiveness to phototropic influences is prevalent throughout the vegetable 
kingdom. Even organs like many roots, which are never, under ordinary 
circumstances, exposed to the light, often exhibit phototropic irritability. Positive 
phototropism is the rule with aerial vegetative axes. Negative phototropism is 
much less frequent ; it is observed in aerial roots, and sometimes also in climbing 
roots ( Ficus stipulate /, , Begonia scandens ), in the hypocotyl of germinating 
Mistletoe, in many, but not all, earth roots ( Sinapis , Helianthus) i in tendrils 
(chiefly in those with attaching discs), and in the stems of some climbers. By 
means of their negative heliotropic character, the organs for climbing and attach- 
ment, and the primary root of the Mistletoe, turn from the light towards, and are 
pressed firmly against, their darker supports. 
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For more exact investigation of phototropic movements it is neces- 
sary to be able to control more accurately the source and direction 
of the light. This can be accomplished by placing the plants in a 
room or box, lighted from only one side by means of a narrow 


opening or by an artificial light. 
direction of the incident rays 
position ; every alteration in the 
direction of the rays produces a 
change in the position of the 
phototropic organs. The apical 
ends of many positively helio- 
tropic organs will be found to 
take up the same direction as 
that of the rays of light. 

The exactness with which this is 
done is illustrated by an experiment 
made with Pilobolus crystallimis (Fig. 
285). The sporangiophores of this 
fungus are cpiickly produced on moist 
horse- or cow-dung. They are posi- 
tively phototropic, and turn their 
black sporangia towards the source 
of light. When ripe these sporangia 
are shot away from the plant, and 
will be found thickly clustered about 
the centre of the glass over a small 
aperture through which alone the 
light has been admitted ; a pi oof that 
the sporangiophores were all pre- 
viously pointed exactly in that 
direction. 


It then becomes apparent that the 
of light determines the phototropic 



The positive photo tropic 
curvatures are brought about by 
THE SIDE TURNED TOWARDS THE 
LIGHT GROWING MORE SLOWLY, 
AND THAT AWAY FROM THE 
LIGHT MORE ACTIVELY, THAN 
UNDER ILLUMINATION FROM ALI 


Fks. 284.— A seedling of the White Mustard in a 
water culture which lias hrst been illuminated 
from all sides and then from one side only. The 
stem is turned towards the light, the root away 
from it, while the leaf-blades are expanded at 
right angles to the incident light. KK, Sheet of 
cork to winch the seedling is attached. (After 
Noli..) 

sides. The converse distribution of 


growth is found in negative phototropism. As a rule curvatures 
ONLY TAKE PLACE IN THE REGION WHICH IS STILL IN A GROWING 
CONDITION, THE SHARPEST CURVATURE BEING AT THE REGION OF MOST 
ACTIVE GROWTH. 


The course of phototropic curvature shows a complete correspondence with 
geotropic curvature (p. 343). It was formerly held that the increased growth of 
the shaded side in positive phototropism was produced by the beginning of etiolation, 
and that the diminished growth on the illuminated side was due to the retarding 
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effect which light exerts upon growth in length. This view, which had for 
some time been abandoned, has recently been revived in a modified form by 
Blaauw ( 144 ). According to him the photo tropic curvatures depend on changes in 
growth in length due to the unequal illumination of the sides of the orthotropous 
organ which are directed respectively towards or away from the light. While in 
simple cases a close parallelism can be traced between the reaction of growth to 
light and the phototropism, there are other observations which cannot be accounted 
for by Blaauw’s theory in its present form. 

In particular cases ( 145 ), phototropic curvatures have been demonstrated in 
organs which have finished their growth in length. This applies to perennial 
trees in which the cambium is probably concerned in the production of the 

curvatures. In nodes, such as 
those of the Gramineae and 
Commelinaceae, growth may be 
resumed under the influence of 
light, either by itself or associ- 
ated with the effect of gravity. 




If an organ has placed 
itself by a phototropic 
curvature in the direction 
of the incident light, it is 
equally illuminated on all 
sides, and in its photo- 
tropic resting position. If, 
without altering the direc- 
tion or the intensity of 
the illumination, the plant 
is kept in constant rota- 
tion, around a vertical axis, 
by means of a klinostat, 
the phototropic stimuli act- 
ing on the different sides 
of orthotropous organs neutralise one another and no curvature takes 
place. 

Sachs developed the theory that it is the direction of the light 
that is important in phototropism, as it is the direction of the force of 
gravity in the case of geotropism. More recently a different view 
has been generally taken, viz., that the phototropic stimulation 
depends on the unequal brightness of illumination of the different 
parts of the sensitive organ ( 146 ). 


Fia. 285 . — Pilobolus crystallinus ( P ), abjecting its .sporangia 
towards the light. G, Sheet of glass ; B , opaque ease 
with a circular opening at F; M, vessel containing 
horse-dung. (Cf. description in text. After Not.l.) 


A definite decision on this question is not possible on our present knowledge. 
The critical question is whether an organ is to be regarded as reacting as a whole 
to the stimulus of light, or whether the parts of an organ or of a cell individually 
perceive the stimulus. In the former case only the direction of the light in the 
organ would be responsible for the reaction ; in the second case the direction of 
the light only comes into play by determining the different intensities of illumina- 
tion of the different cells or parts of a cell ; the reaction itself would be determined 
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by these secondary differences of intensity. Recent researches iiave clearly shown, 
in contrast to earlier views, that even in multicellular organs the direction of the 
light in the case of one-sided illumination plays the main part, as it does in the 
illumination of the single cell. 

Transverse phototropism is confined almost entirely to leaves 
and leaf-like assimilatory organs, such as fern prothallia and the thalli 
of Liverworts and Algae. In these organs transverse phototropism 
predominates over all other motory stimuli. Such organs become 
placed at right angles to the brightest rays of light to which they are 
exposed during their development ; in this process torsions of the 
leaves or internodes are combined with the simple curvatures. 

In very bright light the transverse position of the leaves may become changed to 
a position more or less in a line with the direction of the more intense light rays. 
In assuming a more perpendicular position to avoid the direct rays of the midday 
sun, the leaf-blades of Lactuca Scariola and the North American Silphium laci- 
niatum and the leaf-like shoots of some Cacti take the direction of north and south, 
and so are often referred to as comfass plants. The foliage leaf has thus, like 
the cliloroplast of Mesocarpus, the power of assuming either a profile or a full- 
face position, and thus regulating the amount of light received. 

A number of foliage leaves possess pulvini (Figs. 131, 278) at the baso 
of the petiole, and also at the bases of secondary and tertiary branchings ; 
variation movements are effected by the aid of these. In this way 
these leaves are able to change their position throughout life, and at 
any moment to assume the position which affords them the optimal 
supply of light. They do not have a fixed light-position determined 
by the strongest illumination during their development, but they 
sometimes expose their edges and sometimes their surface to the 
light (i«). 

Phototropic curvatures can be effected in light of all the wave-lengths of the 
visible spectrum. The blue and violet rays, just as they are more effective photo- 
tactically, have a greater phototropic effect than other rays of the same energy- value. 

Alteration of Tone ( 14S ). — A particular part of a plant does not 
always react in the same way to one and the same stimulus ; the mode 
of reaction may be altered by age or external influences. In this sense 
the terms “ tone ” and “ change of tone ” are used. 

The flower-stalks of Linaria cymbalaria are at first positively phototropic. 
After pollination, however, they become negatively phototropic, and as they 
elongate they push their fruits into the crevices of the walls and rocks on which the 
plant grows (p. 282). 

Among external factors that alter the tone the amount of illumination itself is 
particularly important. Small amounts of light falling from one side on Avena 
produce without exception a positive phototropic curvature ; larger amounts give 
a weaker positive soon followed by a negative curvature ; still larger amounts give 
a purely negative reaction. With further increase in the illumination a positive 
reaction is again obtained, and later a weakened positive if not a negative reaction. 
How far the intensity of the illumination also influences the results cannot be 
discussed here. 

2 A 
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Phototropisra*, likegeotropism, is a phenomenon of irritability ( 149 ). 
In ifc the perception and conduction of the stimulus and the reaction 
or response to it can also be distinguished ; there are also presentation- 
time and reaction-time. Further, the law of amount of stimulus holds 
within narrow limits. A further law, which, though only a special 
case of the law of amount of stimulus, is of interest because first 
recognised for light -perception by the human eye, is known as 
Talbot’s law ( 16 °). This states that stimuli due to one-sided illu- 
mination which individually are below the threshold can be added 
together, and that the sum of the separate stimuli has exactly the 
same effect as if they had acted as a single stimulus at one time. 
The separate stimuli must not be separated by too long intervals of 
darkness, for otherwise the effect of the one stimulus has died out 
before the second stimulus acts. 

Localisation of Phototropic Stimulation. — Often the stimulus of 
light is received at the same place that the movement is effected. In 
certain leaves, however, the lamina is able to perceive a phototropic 
stimulus without being able to carry out the corresponding movement ; 
this takes place only after the stimulus has been conducted to the 
leaf-stalk. It is true that the leaf-stalk can also react to direct 
stimulation, but as a rule the dominant impulse proceeds from the 
lamina. Still more striking relations are met with in the seedlings of 
certain Grasses; in some Paniceae only the tip of the so-called cotyledon 
can be phototropically stimulated, and only the hypocotyledonary 
segment of the stem, separated by some distance from the tip of the 
cotyledon, is capable of curvature. In this case there is a well-marked 
distinction between a perceptive organ and a motile organ ; the 
similarity to corresponding phenomena in geotropism and in the 
animal kingdom is very striking. There is an essential difference, 
however, in the method of transmission of the stimulus ( 151 ) ; “Nerves” 
are completely wanting in the plant, and the stimulus is conveyed 
from cell to cell. This can still take place after the organic connection 
is interrupted by a cut if the interval is filled up with gelatine. On 
the other hand, if a layer of tin-foil is inserted all conduction ceases. 
If the tip of a Grass seedling is cut off and then replaced on the stump 
the stimulus of light received by the tip can be conducted across the 
wound to the basal region ; the experiment succeeds even if the tip 
from another species of Grass is placed on the stump. It is clear from 
this that some diffusible substance must be concerned in the conduction 
of the stimulus. 

This substance which must be thought of as a growth-hormone is probably 
produced in the outermost cells of the tip and, under the conditions of darkness 
or uniform illumination, diffuses uniformly downwards. If such a seedling is 
illuminated from one side various things may occur. By a diminution of 
permeability the cells of the anterior side may become less effective than those of 
the side farther from the light. It may be, however, that the growth- hormonejis 
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destroyed by the stronger light acting on the cells of the anterior side. Lastly it 
might be supposed that the light caused a displacement of the material from the 
anterior to the posterior side. There is still uncertainty as to which of these 
possibilities is realised ( 162 ). 


3. Chkmqt bqpism ( v ’ s ) 

Those directive movements which are brought about by the unequal 
distribution of dissolved or gaseous substances in the neighbourhood 
of the plant are termed chemotropic. In the case of fungi and of 
pollen-tubes, chemotropic movements have been demonstrated which 
bring the organism into a certain optimal concentration of particular 
substances. With the same organism and the same stimulating 
substance these movements are sometimes positive and sometimes 
negative ; positive when they lead towards a higher concentration of 
the substance, and negative in the converse case. In the case of 
pollen-tubes sugar and proteins are the chief substances that act as 
stimuli ; in fungi, in addition to sugar, peptone, asparagin, compounds 
of ammonia and phosphates. There are also substances such as free 
acids which always have a repellent influence even in extremely weak 
concentration. This also holds as regards the fungi for metabolic 
products of unknown nature that diffuse out of the cells. Chemo- 
tropic irritability has also been demonstrated in roots, though it 
cannot be said that it plays an important role in their life. 

In the examples of chemotropism given above, the stimulating 
substances were solid substances in solution. When, on the other 
hand, the plant is induced to perform directive movements by the 
unequal distribution in a space of aqueous vapour or gases, a distinct 
name has been required, though no distinction of principle can be 
drawn. Irritable movements caused by differences in moisture are 
termed hydrotropic, while those brought about by gaseous differences 
aro termed aerotropic. Aerotropism has been proved for pollen- 
tubes, roots, and shoots, and hydrotropism for roots and moulds. 
Thus roots are positively hydro tropic and seek out the damper spots 
in the soil by reason of this irritability. The sporangiophores of the 
Mucorineae are negatively hydrotropic and thus grow out from the 
substratum. These reactions may be so energetic as to overcome other 
(e.g. geotropic) stimuli. 


4 v TRAUH ATROPISM ( 154 ) 

Wounding a part of a plant on one side may lead to an arrest of growth in 
the neighbourhood of the wound, so that this side becomes concave. This, how- 
ever, is not a tropistic curvature in response to a stimulus. By trattmatropism 
is understood a very different phenomenon, which is most readily observed in 
roots. If the growing point of a root is cut, or burnt, or corroded on one side, 
a curvature occurs at some distance from it in the growing zone. This curvature 
is termed negatively traumatropic, since by it the tip of the root is turned away 
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from the injurious agency. The region of the growing zone vertically above the 
wound grows more actively than the opposite side. The special interest of this 
tropism lies in the clear distinction between the place of reception of the stimulus 
and the place of the reaction ; a well-marked conduction of the stimulus is thus 
demonstrated. 

Negative traumato tropism is also occasionally shown by the above-ground organs, 
but usually these show a positive reaction. That this is not a mechanical result 
of the one-sided arrest of growth caused by the wound, but & true stimulus-move- 
ment is shown by the frequent acceleration of growth above the mean rate, and by 
the conduction of the stimulus to a considerable distance. 


5. Haptotropism (Thigmotropism) ( 155 ) 

A curvature inwards on one-sided contact is found especially in 
tendril-climbers (p. 172) which seek by such grasping movements to 
encircle the touching body and utilise it as a support. The arrange- 
ment thus resembles what was seen in the case of twining plants, but 
the movements are not in any sense geotropic. In the case of tendril- 
climbers, the attachment to the support is effected, not by the main 
axis of the plant, but by lateral organs of various morphological 
character (cf. p. 172). These may either retain, at the same time, their 
normal character and functions (as foliage leaves, shoots, or inflores- 
cences), or, as is usually the case, become modified into typical 
tendrils and serve solely as climbing organs. Contact with a solid 
body quickly induces an increase in the growth, greatest immediately 
opposite the point of contact and gradually diminishing till this is 
reached so that even in the middle line the effect is considerable. 
Thus the touched side of the tendril becomes concave, which leads 
to it coiling about the support. The more slender the tendrils and 
the stronger their growth, the more easily and quickly this process 
occurs. Some tendrils grasp their supports very quickly ( Passiflora , 
Sicyos, Bryonia ), while others are very slow ( Smilax , Vitis). Owing 
to the tendency of the curvature to press the tendrils more and more 
firmly against the support, deep impressions are often made by them 
upon yielding bodies, soft stems, etc. 

According to Pfeffer’s investigations, it is of great importance to 
the tendrils in the performance of their functions that they are not 
induced to coil by every touch, but only through contact with the 
uneven surface of solid bodies. Rain-drops consequently never 
act as a contact- stimulus ; even the shock of a continued fall of 
mercury produces no stimulation, while a fibre of cotton-wool weighing 
0*00025 mgr. is sufficient to stimulate the tendril. 

Probably the so-called tactile pits (Figs. 286, 287) favour the reception of such 
weak stimuli. These are pits in the outer epidermal walls which widen outwards 
and are filled with protoplasm. They are found, for instance, in the Cucurbitaceae, 
but may be wanting from some very irritable tendrils (e,g, in Passiflora ). Some 
tendrils that are only sensitive on one side have the tactile pits correspondingly 
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localised. On the whole tendrils are more or less dorsi ventral, and their reactions 
are thus frequently rather nastic than tropistic. 

The tendrils of some plants ( Cobaea , Eccremocarpus , Cissus) are 
irritable and capable of curving on all sides; others (tendrils of 
Cucurbitaeeae, etc., with hooked tips) are, according to Fitting, 
sensitive on all sides but only curve when the under side is touched ; 
if the upper surface is at the same time stimulated, curvature is 
arrested. 

In the more typically developed tendrils the curvature does not remain restricted 
to the portions directly subjected to the action of the contact-stimulus. Apart from 
the fact that, in* the act of coiling, new portions of the tendril are being continually 
brought into contact with the support and so acted upon by the stimulus, the 

stimulation to curvature is also transferred 
to the portions of the tendril not in 
contact with the support. The first result 
of this is that the tip of the tendril 
becomes' coiled round the support. Later 
the portion between the support and the 
parent - shoot becomes coiled, just as 
occurs in time with tendrils that have not 
grasped a support. While, however, in 
the latter case a single spiral results, the 


Fio. 286. — Surface view of cells from the Fio. 287. — Transverse section through similar 
sensitive side of the tendril of Cucurbitu cells to those in Fig. 68 ; a small crystal of 

Pepo, showing tactile pits, s. (x 540. I calcium oxalate (s) is present in the tactile 
After Strasburger.) pit. (x 450. After Strasburger.) 

basal part of a tendril that has become attached must form at least two spirals in 
oj>posite directions, separated by a point of reversal (Fig. 288 x). By the spiral 
coiling of the tendrils the parent-stem is not only drawn closer to the support, 
but the tendrils themselves acquire greater elasticity and are enabled to withstand 
the injurious effects of a sudden shock. 

Advantageous changes also take place in the anatomical structure of the tendrils 
after they are fastened to the supports. The young tendrils, during their rapid 
elongation, which under favourable conditions may amount to 90 per cent of their 
length, exhibit active nutations, and thus the probability of their finding a support 
is enhanced. During this time they remain soft and flexible, while the turgor 
rigidity of their apices is maintained only by collenchyma. In this condition they 
are easily ruptured, and have but little sustaining capacity. As soon, however, as 
a support is grasped, the coiled-up portion of the tendril thickens and hardens, 
while the other part lignifies and becomes so strengthened by sclerenchymatous 
formations that the tendril can finally sustain a strain of several pounds. When 
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the tendrils do not find a support they usually dry up and fall off, but in some 
cases they first coil themselves into a spiral. 

Tendril -climbers are not, like twining plants, restricted to nearly vertical 
supports, although, on account of the manner in which the tendrils coil, they can 
grasp only slender supports. A few tendril-climbers are even able to attach them- 
selves to smooth walls. Their tendrils are then negatively phototropic, and 
provided at their apices with small cusliion-like outgrowths, which may either 
develop independently on the young tendrils, or are first called forth by the 
stimulus of contact. These cushions become fastened to the wall by their sticky 
excretions and then grow into disc-like suckers, the cells of which come into 
such close contact with the support that it is easier to break the lignified tendrils 
than to separate the holdfasts from the wall. Fig. 203 represents the tendrils of 

Parthenocissus tricuspidata. The 
suckers occur on its young ten- 
drils in the form of knobs. In 
other species of Wild Vine the 
suckers are only produced as the 
result of contact, and the tendrils 
of these plants are also able to 
grasp thin supports. 

Sometimes, as in the case of 
Maurandia scandens (Fig. 289), 
the leaf- stalks, although bearing 
normal leaf-blades, are irritable 
to contact-stimuli and behave as 
tendrils. Of leaf stalks whicl\ 
thus act as tendrils, good 
examples are afforded by Tro- 
paeolum , Solanum jasminoidcs, 
Nepenthes , etc. In other cases 
the midribs of the leaf-blades 
themselves become prolonged and 
assume the function of tendrils 
( Gloriosa , Littonia , Flagellar ia). 
In many species of Fumaria and 
Corydalis , in addition to the leaf- 
stalks, even the stalks of the 
leaflets twine around slender supports, while the parasitic shoots of Cuscuta (Fig. 
214) are adapted for both twining and climbing. In some tropical plants axillary 
shoots are transformed into tendril-like climbing hooks. Climbing parts of the 
thallus occur in some Thallophyta (Florideae). 

Haptotropism is widespread among plants. Etiolated seedlings are always 
somewhat haptotropic, and this holds frequently for older shoots of green plants, 
especially of twining and climbing plants. The sensitiveness in these cases differs 
from that of tendrils in being excited by any contact, e.g. of falling water drops. 
No use appears to attach to this power ( 156 ). 

Stark showed that in the haptotropism of seedlings the law of the resultant 
holds. He further showed that Weber’s law also applies. Thus if opposite 
flanks are stimulated unequally the curvature depends on the relation between 
the amounts of stimulus. Further, if the two opposite sides are stimulated equally 
strongly and a stimulus from one side is allowed to act in a plane at right angles, 
Weber’s law holds ( 107 ). 



Fio. 288 . — Portion of a stem of Sicyos angulatus , one of the 
Cucurbitaceae, with tendril. The branch-tendril has 
grasped the upright support on the right and the 
free portion has become spirally wound, x , Point of 
reversal in the coiling of the tendril. (After Noll.) 




Fia. 2S9. — Part of a climbing shoot of Mauruntlfa sat miens. The lower portions of the leaf-stalks 
encircle the slender support in a tendril-like fashion. (After Noll.) 

growth, but in curved roots may depend on contraction (p. 279). A 
similar behaviour is even seen after curvatures due to a forcible 
mechanical bending of an organ. This attempt of an originally 
straight organ to again become straight or of a curved organ to 
resume its original form is known as AUTOTROPISM. 

Some such autotropic phenomena have been already referred to. Thus it was 
noted in relation to geotropism that curvature beyond the vertical was autotropically 
corrected. It has now to be added that every geotropic curvature retrogrades more 
or less when the one-sided stimulation is removed by rotating the object on the 
klinostat. In’ the same way phototropic curvatures lessen when the unequal 
illumination is stopped. Tendrils which have curved haptotropically straighten 
out when the contact-stimulus is removed. Kven when t lie 0110-sided stimulation 
continues, there is often a certain degree of return observable in tropistie curvatures. 
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While a number of tropisms have been dealt with, this by no means exhausts 
the known cases. Thermotropism, in which heat is the stimulus, rheotropism, 
concerned with moving water, and galvanotropism, may be mentioned, but cannot 
be dealt with further here ( 1S8 ). 

6^ AHlfi.XgQJ'ISJL ( 159 ) 

It is necessary to consider here a phenomenon of general occurrence 
in which not external factors but changes within the plant itself serve 
as a stimulus. Thus it may be generally observed that every tropistie 
curvature, whether brought about by gravity, light, or other external 
factors, is followed, some time after the stimulus has ceased to act, 
by a straightening. This is mostly effected by elongations due to 
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It is evident that the physiological effectiveness of the stimulus diminishes with 
its continued action. The correction of a curvature may effect complete straightening 
and may even sometimes go beyond this, and lead to a new curvature in the opposite 
direction. This frill be in its turn autotropically corrected and thus a to and fro 
bending of a shoot may result from a tropistic stimulation. The only pre-requisite 
for autotropic correction is that the plant should be still capable of growth. 
Nothing is known as to the effective stimulus which leads to the restoration of the 
original form ; it may be suggested that the plant reacts to internal tensions. 
Thus it is further found that the tensions arising by mechanical hindrance of a 
tropistic curvature are corrected in time by autotropism. 

(b) Nastie Movements ( 160 ) 

In the tropistic and tactic movements of irritability, the direction 
of the stimulus stands in direct relation to the direction of the move- 
ment ; the nastic movements, on the other hand, are either brought 
about by diffuse stimuli with no definite direction or are not influenced 
by the direction of the stimulus. Such movements are thus confined 
to dorsiventral organs. The direction of the movement always depends 
on the reacting organ and not on the environment ; the movements are 
not movements of orientation such as those we have hitherto considered. 
Their ecological significance is frequently obscure and according to 
Goebel they are in part useless movements. 

Typical nastic movements of variation are shown by stomata ( m ) ; the structural 
relations of these determines the opening or closing of the pore by changes in the 
curvature of the guard-cells brought about by variations in their turgescence. It is 
frequently assumed that the closing on loss of water and the opening on illumina- 
tion are purely mechanical results. Loss of water will have as its direct result a 
diminution of the osmotic pressure, and illumination will increase the pressure by 
increasing the production of assimilates. It cannot, however, be doubted that in 
addition to purely physical influences stimuli play a part. Thus light and some 
other factors also may act as stimuli directing the production of osmotic substances 
by the protoplasm. 

In other nastic movements, as in the case of the stomata, light and 
heat, chemical substances, and sometimes also vibrations, may play the 
part of stimuli. Often the movement of a particular organ results 
from several of these stimuli acting in the same or in similar ways. 

1. Nyctinastic Movements ( 162 ) 

Many foliage leaves and floral leaves assume different positions by 
day and by night. According as the change from the one position to 
the other is brought about by variations in the intensity of light, in 
the temperature, or in both factors at once, we distinguish between 
photonasty, thermonasty, and nyctinasty. The movements are carried 
out partly as growth-movements, partly as variation-movements. 

a. Thermonasty. — Growth - movements due to variations in 
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temperature are found especially in flowers, e.g . Crocus , Tulip, 
Ornithogahm , Colchicum , and Adonis. These flowers on a rise of 
temperature exhibit a sudden and limited acceleration of the growth 
of their perianth -leaves or petals mainly on the inner side. The 
flowers consequently open. On the other hand, they close on a fall 
in the temperature. 

The flowers of the Tulip and Crocus are especially sensitive to changes of 
temperature. Closed flowers brought from the cold into a warm room open in a 
short time ; with a difference of temperature of from 15°-20° they open in two to 
four minutes. Sensitive flowers of the Crocus react to a difference of C. ; those of 
the Tulip to 2°-3° C. 

b. Photonasty. — In a similar fashion other flowers ( Nymphaea , 
Cacti) and also the flower heads of Compositae (Fig. 290) open on 
illumination and close on darkening. The night-flowering plants, 
such as Silene nodijlora y Victoria 
regia , and species of Nicotiana , 
behave in an opposite manner. 

The significance of these move- 
ments must lie in only exposing the 
sexual organs when insect- visits may 
be expected ; at other times they are 
protected against injury by rough 
weather, especially by rain. The 
night-flowering plants are adapted 
to pollination by moths. 

c. NYCTINASTY. — Many 
foliage leaves exhibit nycti- 
nastic movements which are usually influenced more by light than by 
temperature. In some cases (e.g. in Chenopodiaceae, Caryophyllaceae, 
Balsamineae, and some Compositae) these movements are entirely growth- 
movements, as in the floral leaves ; in the Leguminosae, Oxalideae, and 
other plants provided with pulvini, variation-movements are found. 
The former are naturally of short duration and cease when the leaves are 
full-grown. The latter, however, continue for a long period. In the 
movements of variation an increase of turgor probably takes place 
in darkness in both halves of the pulvinus, but more weakly or 
slowly on the concave side. The night -position (sometimes called 
sleep-position though these movements have nothing to do with the 
sleep of animals) is always characterised by a vertical position of the 
laminae, the leaf-stalk or the pulvinus curving either upwards or 
downwards ; the laminae themselves have thus either their under 
or upper faces turned outwards. In the day-position the surfaces 
stand horizontally or at right angles to the incident light (Fig. 
291). 



Fig. 200.— Flower-head of Leontodon hcustilis , closed 
when kept in darkness, open when illuminated. 
(From Detmek's Physiol. Pract.) 
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That these phenomena are not due to phototropism is shown by the day-position 
being assumed whether the under or the upper side is more strongly lighted or 
when the illumination is equal. The same holds for the effect of darkness. 

Excessively high temperature or illumination causes the leaves to depart from 
the usual day-position and to assume a different one ; this is either externally 
similar to the night-position or is diametrically opposite to this. Thus the leaflets 
of Mobinia are bent downwards at night, in diffused daylight they are spread out 
flat, while in the hot mid-day sunlight they stand vertical. This so-called diurnal 
sleep is only found in leaves with pulvini and is brought about in a different way 
to the evening change of position ; there is no increase of turgescence but a condition 
of flaccidity, which is unequal on the two sides of the pulvinus. ( 163 ) 

Periodic Movements ( 164 ) 

When leaves have carried out regular nyctinastic movements for a long period 
under the influence of the alternation of day and night, the periodic movements con- 



Fio. 291 .— Amicia zyg&meris, showing diurnal and nocturnal position of leaves. 


tinue for some days in constant light or constant darkness. In some plants it is 
possible to bring about experimentally a shorter or longer period of change than the 
usual one of twenty-four hours ; this new periodicity also shows an after effect. 

On the other hand, it is established that, in certain flowers ( Calendula ) and 
leaves ( Phaseolus ), there are also movements with a period of 24 hours, determined 
not by the rhythm of light and darkness or their after effect. The possibility 
that these .movements are autonomous is excluded. It can only be anticipated 
that some unrecognised factor will be found which determines this periodicity. 
The view of Stoppel that variations of electrical conductivity in the atmosphere 
were of importance has not been confirmed. 


2. Chemonasty ( 166 ) 

Chemonasty bears the same relation to chemotropism as photonasty 
does to phototropism. From whatever side a chemical stimulus (such as 
the vapour of ether, chloroform, or ammonia) acts on a sensitive tendril 
the same side of the latter always becomes concave ; this is the side 
which is especially sensitive to haptotropic stimulation. 
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These chemonastic curvatures of tendrils are evidently of no use to the plants. 
The same is the case for the nastic movements of tendrils which take place on 
wounding and on rise of temperature (traumatonasty, thermonasty). 

On the other hand, chemonastic movements play an important 
part in some insectivorous plants. Very striking chemonastic move- 
ments are exhibited by the tentacles of Drosera (Fig. 207). On 
chemical stimulation these curve so that their upper sides become 
concave and the glandular heads are thus brought towards the centre 
of the circular leaf. Such substances as albumin, phosphates, etc., 
which Drosera can use as food, serve as stimuli (p. 176); so also can 
indifferent and even poisonous substances. Often minimal traces of 
these substances ( [e.g . 0*0004 mgr. of ammonium phosphate) suffice 
to bring about the irritable movement ; when the stimulus is applied 
to the summit of the tentacle it leads to curvature at the base of 
the latter. There is thus in this case as in certain photo tropic 
curvatures, but even more clearly than in these, a separation between 
the organ of perception which receives the stimulus and the motile 
organ that effects the movement. The stimulus received by the head 
of the tentacle must be conducted to the base of the latter. 

An insect that has settled on a marginal tentacle will be brought 
by this curvature to the centre of the lamina. The short- stalked 
tentacles borne here send a stimulus to all the marginal ones, causing 
them to curve inwards. The insect is thus surrounded by many 
glands and covered with their digestive secretion. 

The curvature resulting from growth is carried out in the same way as in 
tendrils. After curvature the tentacle has become considerably longer. When 
growth ceases, the motility of the tentacles is ended so that they can only close 
over a limited number of times. Further, the tentacles of Drosera in common with 
tendrils can exhibit haptonastic, traumatonastic, and thermonastic reactions. 
Doubtless, however, their chemonastic irritability is the main and most important 
one. Chemical stimuli are concerned in the movements of other insectivorous 
plants, e.g. Dionaea and Pinguicula. 


3. Seismonasty and Traumatonasty ( 166 ) 

In Dionaea the two halves of the leaf -blade (Fig. 210) close 
together not only as a result of chemical stimuli but also owing to a 
mechanical stimulus. In contrast to the haptotropic movements of 
tendrils or of Drosera resulting from contact with solid bodies, in the 
case under consideration every disturbance resulting from a mechanical 
shock acts as a stimulus ; the movement can thus be brought about 
by rain-drops. These movements are termed seismonastic. 

The most familiar example of seismonastic movements is furnished 
by Mimosa pudica i a tropical leguminous shrubby plant, which owes 
its name of Sensitive Plant to its extreme sensitiveness to contact. 
The leaves of this plant are doubly compound (Figs. 292, 293). The 
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four secondary leaf - stalks, to which closely crowded leaflets are 
attached left and right, are articulated by well-developed pulvini with 
the primary leaf-stalks ; while they, in turn, as well as the leaflets, 
are similarly provided with motile organs. Thus all these different 
parts are capable of movement, and the appearance of the entire leaf 
can become, in consequence, greatly modified. In their unirritated, 
light position (Fig. 292) the leaf-stalk is directed obliquely upwards, 
while the secondary petioles with their leaflets are extended almost 
in one plane. Upon any vibration of the leaf, in favourable condi- 
tions of temperature (25°-30° C.) and moisture, all its parts perform 



Figs. 292, 293. — Mimosa pudica, with leaves in normal, diurnal position (Fig. 292); to the right, 
in the position assumed on stimulation (Fig. 293) ; B, inflorescences. 

rapid movements. The leaflets fold together, and, at the same time, 
move forward ; the secondary petioles lay themselves laterally together ; 
while the primary leaf-stalk sinks downwards (Fig. 293). Leaves thus 
affected, if left undisturbed, soon resume their former position. 

H The position of a disturbed leaf is externally similar to its sleep- or night-position, 
but the conditions of tension in the pulvinus which lead to the two positions differ ; 
in the night-position the leaf is still irritable to mechanical disturbance. The 
seismonastic, like the sleep-position, is caused by variations in turgor, but depends 
on a diminution of the osmotic pressure and a flaccid condition of the half of the 
pulvinus that becomes concave. This condition can be most clearly recognised 
in the irritable under side of the main pulvinus of the leaf ; it is connected with 
an escape of liquid from the cells into the adjoining intercellular spaces. 

The same position as is assumed by the leaf of Mimosa when 
touched results also from wounding (cutting, burning, corrosion). 
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The changes in the pulvini are the same on such traumatonastic 
stimulation as on the seismonastic. Similarly on applying other 
stimuli (electric shocks, sudden changes of temperature, or chemical 
stimuli) the same movements of the leaves are observed as on the 
stimulus of contact. 

These stimuli are not restricted to the pulvinus first affected but 
are conducted for a considerable distance, in extreme cases through the 
whole plant, and at every pulvinus lead to a movement. The quickest 
and most extensive conduction of the stimulus is found when a trau- 
matic stimulus is applied ( 1C7 ), for instance, by holding a burning match 
near the leaflets of one of the pinnae. The leaflets directly affected 
by the flame fold quickly upwards, and this movement is performed 
successively by each pair of leaflets of the pinna until the articulation 
with the primary leaf stalk is reached. The stimulation is then con- 
veyed to the other pinnae, the leaflets of which go through the same 
movement in the reverse order ; finally, the secondary petioles them- 
selves draw together. Suddenly, when the whole process seems 
apparently finished, the main leaf-stalk in turn makes a downward 
movement. From this leaf the stimulus is able to travel still farther 
through the stem, and it may thus induce movement in leaves 50 cm. 
distant. The stimulus can also be conducted from the roots to the 
leaves. 

The rate of conduction of the stimulus may attain after wounding 10 cm. 
and after contact 3 cm. per second, and thus be of considerable rapidity. It is, 
however, greatly below the rate of conduction of the stimulus along human nerves. 
While it is not yet known with certainty how the stimulus is conducted in 
Mimosa , it is clear that the process differs both from the conduction along nerves 
and from that in some other plants. The stimulus can certainly be carried across 
killed regions ; it probably passes along the vessels of the wood and depends 
on the movement of water. According to Ricca it is possible to conduct the 
stimulus through a glass tube filled with \sater. This investigator supposes that 
there is a conduction of substances which arise on contact or wounding. The 
conduction of the stimulus seems to proceed somewhat differently according to 
whether it follows contact or wounding. 

Some other Leguminosae and certain Oxalideae are similar but less irritable. 
Thus Neptunia oleracea and Oxalis acctosella exhibit movements on strong mechanical 
stimuli. These are much less considerable than in Mimosa. As a rule several 
shocks are required in these plants to start the reaction, while in Mimosa one is 
sufficient. The result of stimulation also increases with its increase while in 
Mimosa every effective stimulus under normal conditions starts the maximal 
movement. Movements of the leaves in response to wounding are also not confined 
to Mimosa . 

The power of reaction to stimuli in Mimosa evidently depends 
on external factors, and each of these when in excess or lacking may 
lead to a state of rigor. Whenever the temperature of the surround- 
ing air falls below a certain level (15°), no movements take place, and 
the whole plant passes into a condition known as cold rigor, while, 



366 


BOTANY 


PART I 


on the other hand, at a temperature of about 40°, heat rigor occurs. 
A dark RIGOR is induced by a prolonged retention in darkness. In 
a vacuum, or on exposure to hydrogen and other gases — chloroform 
vapour, coal gas, etc. — movement also ceases, partly on account of 
insufficient oxygen, and partly from the actual poisonous action of 
the gases themselves. If the state of rigor is not continued too long, 
the original irritability will again return on the restoration of normal 
conditions. Similar conditions of rigor are met with in other cases of 
irritability. 

The variation-movements exhibited by the staminal leaves of some Berberi- 
daceae {Jkfberis, Mahonia ) and Compositae, especially beautifully by Centatirea 



A B 


Fig. 294. — A single flower of Centaurea jacea with perianth removed. A, Stamens in normal 
position ; B , stamens contracted ; c, lower part of tubular perianth ; s, stamens ; a, antlier- 
tube ; g, style ; P, pollen. (After Pfefekr, enlarged.) 

americana , bear a certain relation to those of foliage leaves. The bow-shaped fila- 
ments of the stamens of the Compositae straighten upon mechanical irritation. As 
they frequently contract 10-20 per cent of their length, the style becomes extended 
beyond the anther-tube (Fig. 294). The reduction in the length of the filaments is 
accompanied by a moderate increase in their thickness, due to the elastic contraction 
of the cell-walls, and the consequent expulsion of water into the intercellular spaces. 
The stamens of Berberis and Mahonia are only sensitive to contact on the inner side 
near the base, and as their contraction occurs only on the inner side, the anthers are 
thus brought into contact with the stigma. 

The two lips of the stigmas of Mimulus , Goldfussia , Martynia, Torenia, and 
other plants close together when touched. In a short time they open and are again 
seismonastically sensitive. Opening also takes place when pollen has been brought 
to the stigma and germinated on it. The destructive effect of the pollen on the 
stigmatic tissues then leads, however, to a closing movement which is not a 
phenomenon of irritability. 
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While the extremes of haptotropism on the one hand and 
seismonasty on the other are very distinct forms of irritability, there 
are plants which exhibit a perception intermediate between irritability 
to contact and to shock. This applies to certain etiolated seedlings, 
the haptotropism of which was mentioned above ; a jet of water or 
gelatine is sufficient to stimulate them, though more weakly than 
stroking with solid bodies ( 168 ). 

As regards the mechanism of the movement all seismonastic plants 
follow the type of Mimosa. In Dionaea on the other hand the move- 
ment is effected by growth, as in tendrils. 
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Special Botany is concerned with the special morphology, physiology, 
and ecology of plants. While it is the province of general botany to 
ascertain the laws that hold for the structure, vital processes, and the 
adaptations in the whole vegetable kingdom, it is the task of special 
botany to deal with the separate groups of plants. It is the endeavour 
of special morphology to obtain some insight into the phylogeny of 
the vegetable kingdom by morphological comparison of the manifold 
types of plants. The solution of this problem would provide the key 
for the construction of a NATURAL system of classification of plants 
based upon their actual relationships. Such a system must necessarily 
be very imperfect, as it is not possible to determine directly the 
phylogenetic connection of different plants, but only to infer their 
relationships indirectly from morphological comparisons. 

Such a natural system, founded on the actual relationship existing 
between different plants, stands in direct opposition to the ARTIFICIAL 
SYSTEM, to which has never been attributed more than a practical 
value in grouping the plants in such a manner that they could easily 
be determined and classified. Of all the earlier artificial systems, 
the sexual system proposed by Linnaeus in the year 1735 is the 
only one which need be considered. 

Linnaeus, in establishing his classification, utilised characteristics which referred 
exclusively to the sexual organs, and on this basis distinguished twenty-four classes 
of plants. In the last or twenty-fourth class he included all such plants as were 
devoid of any visible sexual organs, and termed them collectively Cryptogams. 
Of the Cryptogams there were at that time but comparatively few forms known, and 
the complicated methods of reproduction of this large group of plants were absolutely 
unknown. In contrast to the Cryptogams, the other twenty-three classes were dis- 
tinguished as Phanerogams or plants whose flowers with their sexual organs could 
be easily seen. Linnaeus divided the Phanerogams, according to the distribution 
of the sexes in their flowers, into such as possessed hermaphrodite flowers (Classes 
I. -XX.), and those in which the flowers were unisexual (XXI. -XXIII.). Plants 
with hermaphrodite flowers he again divided into three groups : those with free 
stamens (I. -XV.), which he further distinguished according to the number, mode 
of insertion, and relative length of the stamens ; those with stamens united with 
each other (XVI. -XIX. ) ; and those in which the stamens were united with the 
pistil (XX.). Each of the twenty-four classes was similarly subdivided into 
orders. While some of the classes and orders thus constituted represent naturally 
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related groups, although b/ the method of their arrangement in the artificial 
system they are isolated and widely removed from their proper position, they 
include, for the most part, plants which phylogenetically are very far apart. 

Linnaeus himself (1738) felt the necessity of establishing natural 
families in which the plants should be arranged according to their 
“ relationships.” So long, however, as the belief in the immutability 
of species prevailed, the expressions relationship and family could 
have no more than a hypothetical meaning, and merely indicated a 
supposed agreement between plants having similar external forms. 
A true basis for a natural system of classification of organisms was 
first afforded by the theory of evolution. 

The system adopted as the basis of the following description and 
systematic arrangement of plants is the natural system of Alexander 
Braun, as modified and further perfected by Eichler, Engler, 
Wettstein, and others. 

The vegetable kingdom may be divided into the following four 
main groups : 

1. Thallophyta. 

2. Bryophyta. 

3. Pteridophyta. 

4. Spermatophyta. 


DIVISION I 

THALLOPHYTA. BRYOPHYTA. PTERIDOPHYTA 

Since the time of Linnaeus the Thallophytes, Bryophytes, and 
Pteridophytes have been termed collectively Cryptogams in contrast 
to the Phanerogams or Spermatophyta. These two main divisions are, 
however, of unequal systematic value, for the Mower Phanerogams 
approach the Pteridophyta, from which they have originated, more 
closely than these most highly developed Cryptogams approach the 
Bryophyta. The Bryophyta and the Thallophyta agree in being 
composed of more or less uniform cells, and are contrasted as cellular 
plants with the VASCULAR plants comprising the Pteridophyta and 
Spermatophyta. Since, however, the Bryophyta and Pteridophyta 
agree in many respects, and appear to have diverged from a common 
source, the distinction of cellular and vascular plants must not be too 
strongly insisted upon. 

The Spermatophyta are distinguished by their distribution by 
means of seeds from the Cryptogams, which form spores. Spores 
are unicellular structures which become separated from the parent-plant, 
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and form the starting-point of the development of a new individual. 
The Cryptogams might, therefore, be termed spore-plants. The seed- 
plants also produce spores, but the sporangium and contained spore, 
which as a special structure develops into the seed, continues its 
development while still connected with the parent-plant, the seeds 
being ultimately separated from this. 

The Bryophyta and Pteridophyta are united as the Archegoniatae on account 
of the structural agreement in their female reproductive organs or archegonia. 
These organs are also present in a somewhat simplified form in the lower Spermato- 
phyta (in most Gymnosperins), so that a sharp line cannot be drawn between the 
Archegoniatae and higher groups of plants. 


I. THALLOPHYTA (*) 

It was formerly customary to divide the Thallophyta into 
Algae, Fungi, and Lichens. The Algae are Thallophytes which 
possess chromatophores with pigments, particularly chlorophyll ; 
they are, therefore, capable of assimilating and providing inde- 
pendently for their own nutrition (autotrophic). The Fungi, on the 
other hand, are colourless and have a saprophytic or parasitic mode 
of life (heterotrophic). Such a method of classification, however, 
although possessing a physiological value, has no phylogenetic sig- 
nificance, as it does not express the natural relationships between 
the various groups. In the Lichens (Lichenes), which were formerly 
regarded as simple organisms, the thallus affords an instance of a 
symbiosis of Algae and Fungi. From a strictly systematic stand- 
point, the Fungi and Algae composing the Lichens should be classified 
separately, each in their own class ; but the Lichens, among them- 
selves, exhibit such a similarity in structure and mode of life, that 
a better conception of their characteristic peculiarities is obtained by 
their treatment as a distinct class. 

The table of contents at the beginning of the book will afford a 
general survey of the arrangement of the classes which are treated of 
in order below. 


Class I 

Bacteria Q * 3 0 ) 

Bacteria are organisms of extraordinarily small size (the smallest 
have a diameter of less than yo 1 ^- mm.). They do not possess 
chlorophyll. The majority are unicellular, either spherical or rod- 
shaped, or their bodies have the form of a longer or shorter portion 
of a spiral (Figs. 77, 295). In a few cases the cells are branched 
(Fig. 296) ; in some they are united to form filaments (Figs. 297, 299). 

A true nucleus is wanting in bacterial cells. Small granules 
(chromatin granulos) can be demonstrated in the protoplasm by staining. 
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These occur singly or several in the cell, and are perhaps functionally 
similar structures to a nucleus. 

In the protoplasm are minute vacuoles or spheres of reserve materials, consisting 
of carbohydrates (glycogen, but no starch and sugar) fats, and albuminous sub- 
stances (volutin). The cell is enclosed by a thin membrane which is composed 
neither of cellulose nor of chitin. In some species the outer layers of the membrane 
swell greatly, so that the cells or cell-rows become embedded in mucilage ; this 
condition is termed the zoogloea-stage (Fig. 298). A less marked development of 
mucilage produces the tubular sheaths of the filamentous bacteria (Fig. 299) ; in 
some species these sheaths harden and lose their connection with the cells, so that 


1 O 3 <r~~3 


Fio. 295. — Shapes of Bacteria. 1, 2, 
Cocci (2, Sarcina); 3, Rod-shaped 
(Bacillus); 4, Vibrio; 5, Spirillum. 


Fio. 296 .— Mycobacterium tuberculosis. 
Branched cell. (After Fuhrmann.) 



Fio. 297 .—Beggiaton alba. A, Filament 
with included droplets of sulphur, 
the transverse walls not evident ; 
B, Filament with deficiency of sul- 
phuretted hydrogen, separating into 
its individual cells. ( x 600. After 
DOggeli.) 



the filament is freely moveable within its sheath. When the filament grows actively 
it may rupture and the sheath be broken through laterally. The further growth 
of the lower portion of the filament, through the opening in the sheath, leads to the 
appearance of “false branching” (cf. p. 74). The mucilage in other cases may be 
secreted on one side of the cell and become a firm stalk in which compounds of 
iron may be deposited ( Gallionella ferruginea, Fig. 300) ( 96 ). 

In certain stages of their development many Bacteria possess 
delicate protoplasmic cilia ( 3a ) which pass through pores in the mem- 
brane and lead to the active movement of the cells (cf. p. 328 ). 

The cilia are borne in various ways (Fig. 301). They may be distributed over 
the whole surface (peritrichous), single (monotrichous), or in a group springing 
from one point (lophotrichous). Certain filamentous bacteria have the power of 
creeping on a solid substratum ( 36 ). 

Bacteria increase in numbers by means of cell-division, which in 
the rod-shaped forms is always at right angles to the long axis. From 
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this feature the Bacteria are sometimes called Fission -Fungi or 
Schizomycetes. 

In some cases e.g, Chromatium (Fig. 302) two cells have been observed connected 
by a narrow bridge. It is not impossible that this “ conjunction ” ( Sc ) may represent 
a sexual process. 


Under unfavourable conditions many bacteria form resting spores. 
The protoplasm contracts in the middle 
or near one end of the cell and sur- 
rounds itself with a new membrane, 



Fui. 298. — Streptococcus mesentertoides. A, Iso- 
lated cells without gelatinous sheath ; 
B, C , formation of chain of cells with 
gelatinous sheath (x 620. After Va.n 
Tieohem.) 



Fig. 299. — Cladot hrix dichotomy Formation 
of swarm-cells from the cells of the tila- 
ment. (x 1000. After A. Fischer.) 


becoming an endospore, (Fig. 303 c). When the spore is mature the 
original wall of the parent-cell swells and disappears. 



Fia. 800. — (lallionslla ferrugmca. 
Cells at the ends of the 
sheaths, which are twisted 
spirally round one another. 
(X 750. After Choloonv.) 



Fig. 301.— -Types of arrangement, of flagella. 
<t, Vil>no cholerac (monotrichous) ; b, 
Spirillum, w?ida/a(lophotrichous) ; <\ Bacil- 
lus typhi (peritriclious). (x 2250. After 
A. Fischer.) 


Bacillus subtilis , the Hay Bacillus (Fig. 303), which appears as a rule in the 
decoction obtained by boiling hay in water, will afford an example of the life-history 
of a bacterium. The spores of this species, which withstand the effect of the 
boiling water, produce on germination rod-shaped swarming cells with cilia on 
all sides ; these divide and may remain connected in short chains. At the surface 
oi the fluid these swarming cells change into non-motile cells without cilia ; these 
divide up, giving rise to long intertwined chains of cells. These are associated 

2 B 1 
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together in the pellicle covering the surface (zoogloea stage). Spore-formation 
occurs when the nutritive substances in the fluid are exhausted. 


Occurrence and Mode of Life. — There are numerous species of 
bacteria, over a thousand, known. They are distributed over the 
whole earth, occurring in enormous numbers of 
individuals in water, in the soil, and in the dead 
and living bodies of animals and plants. They 
are widely distributed with the dust in the atmo- 
sphere. 1 grm. of garden soil contains some 
Fig. 302. — chromatium 50-100 million bacteria, and 1 mg. of fresh 
okenii. Conjunction human faeces 20-165 million. The wide distri- 
of two cans. ( x 1500. bution of bacteria is mainly due to three factors: 

their rapidity of multiplication, the resistance of 
their vegetative cells and spores to unfavourable conditions, and the 
variety in their methods of nutrition. 



Under optimal conditions some bacteria can divide several times in an hour, so 
that a single individual could give rise in 24 hours to several million descendants. 



Fig. 303. — Bacillus subtilis. a, d, Motile cells and 
chain of cells ; b, non-motile cells and chains of 
cells ; c, spores from the zoogloea, e. (a-d x 1500 ; 
e x 250. From A. Fischer, Varies, ilber Bac- 
terien.) 


The spores of bacteria are ex- 
tremely resistant to desiccation, 
chemically active substances (disin- 
fectants), and extremes of tempera- 
ture. Some can endure for a short 
period both the temperature of 
liquid hydrogen (about -253° C.) 
and that of boiling water. Even 
the vegetative cells of many species 
are very resistant to drying, but 
are usually killed by a few minutes 
in water at 60° C. Some can live 
at higher temperatures than this, 
for example, in the water of hot 
springs. Others show an active 
production of heat by their respira- 
tion (spontaneous heating of damp 
hay, dung, tobacco, cotton- wool by 
Bacillus cal/actor). 

The nutrition of most bacteria 
is heterotrophic, either saprophytic 
or parasitic. Obligate parasitism is 
rare ; the majority of pathogenic 
species can be grown apart from the 
animal or human body. Culture in 
suitable nutrient solutions {e.g. meat- 


juice with peptone) presents as a rule little difficulty. On solid substrata (gelatine, 
agar) the bacteria form mucilaginous colonies of various shapes (Fig 304) ; these are 
usually colourless, but in other cases of various tints (pigment bacteria). Bacteria, 
by means of enzymes cause profound changes in their nutrient substratum 
(putrefaction, decay), while pathogenic forms exert poisonous effects by means of 
toxins. Besides giving rise to diseases in man (Fig. 305) and animals, bacteria 
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cause diseases of plants ( e.g . a disease of the potato caused by Bacillus phyto- 
phtorus), cancer-like growths (crown-gall) on various plants by Bacillus tumefaciens. 

Among peculiarities in the nutritive physiology of certain Bacteria (cf. p. 259 ) 
the following may he mentioned. Carbon-assimilation, in spite of the absence of 
chlorophyll and light, by means of energy produced by the oxidation of inorganic 
compounds ; fixation of free nitrogen ; nitrification ; denitrification ; anaerobic 
life. The photogenic bacteria produce a substance within their cells that is phos- 
phorescent on oxidation ( 5 ). 

Bacteria sometimes sutler from a disease in which their cells completely break 



Fjq. 304. — Plate of meat-agar exposed for one hour in an inhabited room, showing the colonies of 
bacteria which have developed after 6 days. (| nat. size, after Lieskki, Kurzes Lehrb. d. cdlg. 
Dal D ri> nlunde , Borntrager, Berlin, 1926.) 

down. The cause of this, which is termed d’Herelles’ phenomenon, after its dis- 
coverer, is not completely understood. It is caused by what is known as a 
“bacteriophage,” which, on the one hand, may be regarded as an extremely 
minute organism parasitic in the body of the bacterium, or on the other hand be 
regarded as an enzyme. 

Classification. — The division of the Bacteria into Orders is ex- 
tremely difficult, since their mutual relations are incompletely known. 
The following subdivision is therefore of value as a survey of the 
group, rather than as an ultimate solution of the systematic problem. 

Order 1, Eu-Bacteria. — Unicellular, iinbrauehed Bacteria. This order includes 
the great majority of forms. 
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Family 1, Coccaceae. — Spherical bacteria. Genera : Streptococcus , spherical 
cells united in rows : Micrococcus , cell-divisions in two directions of space : Sarcina 
(Fig. 295), cell-divisions in three directions of space, the colonies therefore forming 
cubical packets. A number of species of Streptococcus give rise to suppuration, e.g. 
Micrococcus pyogenes aureus : M. gonorrhocac (Fig. 305) causes gonorrhoea : Sarcina 
lutea> which is not pathogenic and forms yellow colonies, is common inhuman 
surroundings. 

Family 2, Bacteriaceae. — Rod-shaped bacteria which do not form spores. 
Genus, Bacterium . Bacterium nitosornonas, forms nitrites from ammonia ; B. 
nitrobacter , forms nitrates from nitrites ; both are autotrophic and occur in all 
soils : B. radicicola, fixes nitrogen in the root-nodules of Leguminosae : B. aceti t 
oxidises alcohol to acetic acid : B. acidi ladici , causes milk to turn sour : B. phos- 
phorescens , causes phosphorescence of fish and meat : B. prodigiosum , forms red 



a b c 

Fio. 305. — Stained preparations from Ziegler’s Text-hook of Tautology, a, Gonococci in the 
gonorrhoeal discharge, mucus and pus corpuscles with cocci (methylene blue and eosin), x 700; 
h, tubercle bacilli in sputum of phthisis (fuchsin and methylene blue), x 400; c, splenic fever 
bacilli in the pustule, of the disease (methylene blue and vesuvin), x 350. (From A. Fischer, 
Vorles. iiher Bacterien.) 

colonies on bread, etc. (“the bleeding host”); B. vulgarc { = Proteus vulgaris) 
causes ill-smelling putrefactions : B. coli , the commonest intestinal bacterium : 
B. dysenterieae, typhi , pestis , influenzae , give rise respectively to dysentery, 
typhoid fever, plague and influenza. 

Family 3, Bacillaceae. — Rod-shaped bacteria, which form spores. Genus, 
Bacillus. Bacillus subtilis, Hay Bacillus (Fig. 303) ; B. butyricus , forms butyric 
acid ; B. amylobacter , decomposes cellulose ; B. anthracis , which causes splenic 
fever (Fig. 305 c), was the first bacterium to be shown to be the cause of a disease 
by Robert Koch. Anaerobic ; Bacillus saccharobutyricus ( Clostridium Pas- 
teurianum ), fixes nitrogen in the soil ; B. tetanic tetanus bacillus. 

Family 4, Spirillaceae. — Spirally wound bacteria. Genera : Vibrio (Fig. 295, 4), 
comma bacillus, representing a portion of a spiral turn : Spirillum (Fig. 295, 5), 
spirally wound. Non-pathogen ic forms of Vibrio and Spirillum occur in water ; 
also Vibrio cholerae , the cause of cholera (Fig. 301 a). 

Order 2, Mycobacteria ( 8 - 75 ). — The rod-shaped, non-motile cells exhibit true 
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branching (Fig. 296) under certain conditions of cultivation. This is infrequent in 
Mycobacterium , but is the rule in Actinomycetes. 

Mycobacterium diphtherias, causes diphtheria ; M. tuberculosis , the Tubercle 
Bacillus (Figs. 296, 305), usually grows as slender, non-motile rods, without spores, 
but may also give rise to branched forms. 

The Actinomycetes ( 70 ), which are placed here with some reservations, grow in 
artificial cultures to an organism of several centimetres diameter, consisting of a 
single, highly branched, and extremely slender cell (diameter 0 # 5 — 1*0 y). When 
filaments project into the air, their contents segment, and the portions later, on 
the breaking down of the parent filament, 
become free as spores. Under certain ex- 
ternal conditions the Actinomycetes grow in 
the form of rods which are indistinguishable 
from true bacteria. Actinomyces bovis gives 
rise to Actinomycosis, forming swellings in 
the bodies of animals and human beings. 

A. scabies gives rise to a scab of Potatoes 
and Turnips. Other species are widely 
distributed as saprophytes. 

Order 3, Trichobacteria, Filamentous 
Bacteria. — The cells are united to form 
unbranched, or falsely branched, filaments. 

Family 1, Chlamydobacteriaceae. — The 
attached filaments are enclosed in a sheath, 
within which the cells may become isolated 
and emerge either in the non-motile condition 
or as ciliated cells ( Cladothrix dichotoma , 

Fig. 299) ; these free cells later become 
attached and grow into new filaments. The 
best-known representatives of the Family 
are : Cladothrix dichotoma } the falsely 
branched filaments of which form a slimy 
growth on algae, stones and wood in water ; 

Crenothrix polyspora with swarm-spores, and 
Leptothrixochracea without, are species which 
do not show false branching. These two 
forms occur in swamps and ditches and accu- 
mulate hydrated oxide of iron in their sheaths 
(iron-bacteria) ( 9ft ) ; when they develop 
abundantly they may lead to the blocking 
of water pipes, and in the dead condition form a source from which iron is obtained. 

Family 2, Beggiatoaceae. — The filaments have no sheath. They creep on the 
moist substratum, probably by minute contractions that proceed in a wave-like 
fashion along the filament. They reproduce by breaking of the filament into 
portions or into its constituent cells. These bacteria are autotrophic, and fre- 
quently form visible white layers on the bottom of sulphur springs containing 
sulphuretted hydrogen (sulphur bacteria) ( 4 - 9a ). Beggiatoa alba, widespread in 
fresh water (Fig. 297) ; B. mirabilis , which occurs in the East Sea at Schlick, is a 
giant among bacteria, forming filaments which are visible to the naked eye. 

Order 4, Myxobacteria ( 18 ). — The colonies of Myxobacteria consist of a host of 
small rods, without cilia, which can move in a co-ordinated way by means of an 
excretion of mucilage, so that the “ pseudoplasmodium " gives the impression of 



Fio. 306. — A, Myxococcus digitatiis, bright red 
fructification occurring on dung (x 120) 
jB, Polyangium primigenium, red fruc- 
tification on dog’s dung (x 40). C, 
Chondroviyccs cipiculatus , orange fructifi- 
cation on antelope’s dung. D , Young 

fructification (x 45). E, Single cyst ger- 
minating (x 200). (A, B after Quehl ; 

C-E after Thaxter.) 
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being a single individual (Fig. 306). The rods creep together and become heaped 
up at places to form minute and usually brightly-coloured fructifications ; these 
may be stalked or not, the stalk and wall being derived by a transformation of 
mucilage. The fructifications correspond to cysts, within which the vegetative 
rods shorten and become spherical and so changed into spores. On germination 
these again grow into rods which swarm out of the ruptured cysts (Fig. 306). The 
Myxobacteria live sapropliytically and mainly upon the dung of animals. 

Order 6, Spirochaetales ( J - 9c ). — The Spiroehaetes are only placed here with 
reservations. Their slender body has no cilia, but shows a wavy curvature and an 
active snake-like movement. They are placed by various' authors in relationship 
to the Protozoa, the Flagellates, or the Oscillarieae (Cyanophyceae), but Engleii 
groups them with the Bacteria. Spirochaete pallida is the cause of syphilis and 
S. recurrent is of relapsing fever. Non-pathogenic forms are of frequent occurrence 
in the mouth. 


Relationships (*> 9d ). — The position of the Bacteria in the genea- 
logical tree of plants is still a matter of uncertainty. They might 
be derived forms from Algae and Fungi, which had lost their 
chlorophyll and diminished in size. An attractive view is to regard 
them as primitive organisms on account of their simple cellular 
structure with no nucleus and the capacity of some kinds to live 
autotrophically. 

No sure connections by relationship can be demonstrated between the Bacteria 
and any other Class, not even to the Cyanophyceae, along with which they have 
been grouped as Schizophyta. Fossil Bacteria are known from the Palaeozoic 
rocks. 

Survey of the Orders of Bacteria : 

Eu-Bacteria— Unicellular, unbranched. 

Mycobacteria — Cells sometimes with true branching. 

Trichobacteria — Cells connected to form unbranched or falsely -branclied 
filaments. 

Myxobacteria — Unicellular individuals united in colonies. 

Spirochaetales — Unicellular, body flexible. 


Class II 

Cyanophyceae, Blue-green Algae (*> 10 ) 

The Cyanophyceae are unicellular or filamentous Algae of primitive 
organisation ; they are mostly blue-green in colour and their nutrition 
is autotrophic. The cell-walls consist of cellulose and pectic substance, 
and frequently show mucilaginous swelling ; in the protoplasts a 
distinction can be made of an inner colourless region (centroplasm) and 
around this a peripheral region usually of a blue-green colour in the 
form of a hollow sphere (chromoplasm). There are neither definite 
chromatophores nor vacuoles, and the cell does not possess a true 
nucleus. 
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The pigments are diffusely distributed in the chromoplasm which is not sharply 
defined from the central region. In addition to chlorophyll and carotin there are 
two pigments soluble in water, phycocyan and phycoerythrin, the latter only in 
some species. The relative proportions in which the pigments occur are to some 
extent liable to changes, so that the tint may sometimes be reddish and at other 
times more inclined to blue. This is especially the case for those species that 
exhibit what is known as chromatic adaptation. In green light these form 
mainly red pigment, and in red light mainly green and blue pigments, so that the 
same species appears as red and green forms, complementary to the colour of the 
light. Starch is never formed as a 
reserve product, its place being 
taken by a glycoprotein derived from 
glycogen. 

Bodies of protein nature in the 
form of short filaments are present, 
singly or in groups in the colourless 
centroplasm. The latter may have 
some of the functions of a nucleus, 
but a true well-defined nucleus is 
wanting throughout the group ; in 
cell - division no chromosomes are 
formed and the process is one of 
simple constriction. 

Sexual reproduction is un- 
known. Reproduction depends 
on the active cell-division, on 
which account the name 
Schizophyceae is sometimes 
applied to the group. The 
cell-rows of the filamentous 
species separate into short 
lengths called HORMOGONIA ; 
these are capable of creeping 
movements and give rise to new plants. In many species resting 
spores are formed by the enlargement of certain cells, thickening of 
their walls, and storage with reserve food-materials ; these serve as 
a means of persisting through unfavourable periods (Fig. 307, II). 

Most Cyanophyceae are non-motile. Some filamentous forms show creeping 
movements on moist substrata. Cilia are wanting and the movements are probably 
due to the excretion of mucilage which swells in water or to contractions of the 
plant-body ( 10rt> 9o ). 

The simplest Cyanophyceae ( e.g ., Chroococciis) consist of roundish blue-green 
cells. In Glococapsa (Fig. 34) the species of which form slimy growths on damp 
walls or rocks, the cells remain connected by their stratified mucilaginous walls to 
form multicellular colonies. 

In the filamentous Hormogoneae the cells are connected by plasmodesms. The 
filaments are sometimes unbranched and in other cases exhibit false branching 
(Fig. 82). In the Oscillarieae, which are common in water and on muddy soil, the 
filament is composed of disc-shaped cells (Fig. 307, I). The genus Nostoc on the 



Fi<j. 307.— I. Oscillaria princeps. Terminal por- 
tion of a filament, (x 1080. After Stras- 
bijroer.) II. Nostoc Linckn. A species that 
floats freely in water. A, Filament with two 
heterocysts ( h ) and a number of spores (sp); 

B, isolated spore beginning to germinate; 

C, young filament developed from spore. 
( x 650. After Hornet.) 
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other hand, has bead-like rows of cells, which form spherical or irregular mucilaginous 
colonies (Fig. 307, II). In Nostoc, and in many other Cyanophyceae, single cells at 
regular intervals in the filaments form heierooysts (Fig. 307, II h) ; these are 
yellowish, the assimilatory pigments having disappeared, while the wall is some- 
what thickened. As a rule these structures are functionless, but in a few cases 
are known to give rise to new filaments. 

The Cyanophyceae are distributed over the whole earth as 
mucilaginous masses or sheets of fine filaments occurring in water 
(even in hot springs), on moist, muddy soils and on the bark of trees. 
They play a most important part in the first colonisation of exposed 
rocks. 

Certain Cyanophyceae live as plankton in the surface waters of lakes and 
ponds, covering them with the so-called “water bloom”; in the warmer seas 
Trichodesmium erythraeum forms a “sea bloom” which gives the water a red 
colour (Red Sea). Some Blue-green Algae occur along with Fungi as constituents 
of Lichens. Some live endophytically in cavities in the tissues of other plants ; 
thus Anabaena occurs in Azolla , and by assimilating the free nitrogen of the air 
has a similar significance for the latter plant as the nodule bacteria have for the 
Leguminosae. In the case of some other Cyanophyceae also the power of fixing 
free nitrogen has been demonstrated ( 10b ). 

The relationships of the Cyanophyceae to other groups of organisms 
are still quite uncertain. On account of the great lack of differentia- 
tion in their cell-contents they are probably to be regarded as per- 
sistent ancient forms, which have not undergone further development. 

In the fossil condition the Cyanophyceae are known, though often with some 
uncertainty, from the Cambrian onwards. 

Survey of the Orders : 

Ghroococceae , — Unicellular or colonial ; without hormogonia or hcterocysts. 

Uormogoncae. — Filamentous, with protoplasmic connections between the 
cells ; hormogonia always and heterocysts frequently 
present. 


Class III 

Flagellatae (Flagellates) (*> n > 12 > 17 * 19 > 27 ) 

The Flagellates are small unicellular organisms with a true nucleus, 
though this usually differs somewhat from the nuclei found in the 
cells of higher plants ( 12d ). The protoplast exhibits contractile or 
amoeboid movements, and is limited by a denser protoplasmic layer 
and not by a definite cell-wall. One or more cilia (flagella) are 
present as motile organs. The protoplast contains a nucleus, a 
pulsating vacuole, and in many species well-formed green, or brownish- 
yellow, less commonly blue or red, chromatophores. A red eye-spot 
is frequently present. The product of assimilation is usually oil, but 
starch and othfcr carbohydrates also occur. Other forms are colourless 
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and are saprophytic or obtain their food like animals. The protoplast 
of some Flagellates, especially of the colourless forms, may take on an 

amoeboid condition in which it 



Fig. SOS.—Chrysamoeba radians. Occurs in fresh 
water and has a single cilium and two brown- 
ish-yellow chromatophores. 1, Ordinary form ; 


exhibits changes in form and 
creeping movements. In other 
cases slender processes or pseudo- 
podia may be put out and again 
withdrawn as in the Rhizopoda. 
These assist in the absorption 
of solid particles of food, e.g. 
diatoms, green algae, etc. (Figs. 
308, 314). 

Most representatives of the 
group live as naked, free cells ; 


2, amoeboid condition with radiating pseudo- others form more Or less COmpli- 
podia. (After Klebs) ; :i, Ochru monos. Cyst , , , . ... , f 

with opening and plug. (After pascher.) cated cell-colonies held together 


by mucilage, or they possess 
peculiar stalked or unstalked firm investments (Fig. 309) sometimes 



with siliceous (Silicoflagellatae) or calcareous 
(Coccolithophorideae) skeletal structures (Fig. 
310). 

Multiplication takes place by longitudinal 
division, and in many species thick -walled 



Fig. 300. — DinobryonSeituJaria 

(Cryp^omonadales). Occurs Fio. 310. — vf , Distephanus speculum . (After Boroet.) 

m fresh - water plankton B, C, Calyptrosphaera insignis from the Adriatic ; 

and forms invested colonies. B is in optical section and C in surface view. 

( x 450. After Sknn.) (x!200. After Schiller.) 


resting spores or cysts are produced. On the germination of these, 
after division of the contents, a number of daughter-cells may be 
liberated. Sexual reproduction, by the conjugation of two cells, has 
only been observed in a few cases. 


Flagellates live in all bodies of water, from puddles and gutters to the ocean, 
aud often occur in enormous numbors, so that the water is coloured brown or green ; 



384 


BOTANY 


PART II 


350,000 individuals of Coccolithophoridae have been estimated to occur in a cubic 
centimetre of water. 

The different shades of colour met with in the Flagellatae, together 
with differences in the details of their structure enable the following 
groups to be distinguished. 

Chrysomonadales. — The radially symmetrical cells have one or two cilia and 
chromatophores in which the chlorophyll is more or less concealed by an imperfectly 
known brownish-yellow pigment. On assimilation a special organic compound, 
called leucosin, is formed in addition to fat and oil. The endogenously formed 
spherical cysts, the wall of which is usually silicified and has a pore closed by a 
plug or stopper, are especially characteristic of the 
group (Fig. 308, 3). 

Cryptomonadales. — These also have a brown colour. 

The cells are laterally compressed and thus dorsi- 
ventral, and frequently have an obliquely truncated 
anterior end (Fig. 311). Two cilia of unequal length 
spring from an anterior furrow or a gullet-like 
depression. Some forms have 
starch as the product of assimi- 
lation, around pyrenoids that 
occur free in the protoplast. 

Dinoflagellatae (Peridineae) 

(i* n ’ 17 ' 19 ). — These are highly 
developed Flagellates. They occur 
as unicellular, free - swimming 
organisms in fresh water, but for 
the most part in the sea, where, 

Flr ero”'7x7M“ After to * ether with th ° t) occo, >tho- y ul .3u.-}‘eridmiumt,,bulatnm. 

Stein.) phorideae and Diatomeae, they (After Schilling.) 

constitute an important con- 
stituent of the phyto-plankton. Their cells are characterised by the pos- 
session of two long ribbon-shaped cilia or flagella which spring from the 
middle of the ventral surface in a longitudinal furrow ; one of the cilia 
is directed backwards, the other is thrown into curves and lies in a transverse 
furrow (Fig. 312). The protoplast has a nucleus, vacuoles of different sorts, 
and numerous brownish-yellow chromatophores ; the latter contain a mixture of 
several pigments. Starch or oil is formed as the product of assimilation. While 
the Gyrnnodiniaceae (Fig. 318 d) have naked cells, the typical Peridiniaceao have a 
wall formed of polygonal plates composed of cellulose ; these are usually delicately 
sculptured and perforated with pores. The transverse furrow is formed by one 
girdle-shaped plate (Fig. 312). 

In many Peridineae of the plankton the plates bear special wing-like expansions 
(Fig. 313) or the cells have long horn-like processes. These adaptations enable 
the organisms to remain floating in the water ( ,8 ). The form of the cell is very 
variable ; for instance in Ceratium hirundinella individuals with two, three, and 
four horn-like processes are produced, under the influence of diverse thermic, 
optical and chemical stimuli ( ,9 ). 

Increase in numbers is effected by division of the cells which usually takes place 
in the motile condition ; when the wall is thick and sculptured it is usually 
ruptured. 
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Certain marine Dinoflagellates are phosphorescent and play an important partin 
the phosphorescence of the sea ( 5 ). Examples are Ceratium tripos , Peridinium 
divergens , and Noctiluca miliar is. The last named attains a diameter of 1*5 mm. 
and is placed in this group on account of the resemblance of its zoospores to 
Gymnodinium. 

Heterochloridales.— This group is characterised by the yellow-green colour of 
the chromatophores, the chlorophyll being mixed with a yellow pigment which 
turns blue with acids. They have always two unequal cilia and as their assimilation- 
products a fatty oil and leucosin, never starch. 

Euglenales.— The green scum or “water-bloom” frequently seen on village 
ponds may consist of Euglena (Fig 314). The elongated cells are sometimes 



Fig. SW.—lVrMiiii-.ic of the plankton. A, Ceratocory* horrula var. africana , Indian Ocean ( 

B f Ceratium trip* iutermnUum var. aequatorutle, Indian Ocean (x 62); C, Ceratium * 
gibberum , and D, Ceratium /< almatum , Atlantic Ocean (x 62); E , Ceratium furea , Atlantic 
Ocean (x 125). (After (i. Kakstkx.) 

flattened and are capable of metabolic changes of form. They move by means of a 
flagellum, which arises at the anterior end from a gullet-like depression. The pure- 
green chromatophores, a number of which are present in the cell, form a starch-like 
substance called paramylon. 

Polyblepharidales.— The naked cells are provided with 2, 4, or 8 cilia of equal 
length. At the hinder end is a pure-green, cup-shaped chromatophore in which is 
a pyrenoid around which starch is formed, While Polyblepharis multiplies only 
by dividing in a longitudinal plane, more highly developed forms (e.g. DmalkUa, 
Polytomclla , Phyllocardium) have also eexual reproduction. The vegetative cells 
divide to give rise to a number of ciliated gametes, which unite in pairs to form 
zygotes ; on the germination of the zygote four vegetative motile cells are formed. 

In all the groups of Flagellates there are — in addition to the 
coloured autotrophic forms — also colourless forms living heterotrophic- 
ally ; these may even be able to ingest solid food by means of 
pseudopodia (Fig. 315). 

2 c 
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In the case of some coloured species (e.g. Euglena gracilis ) it has been found 
possible to produce a colourless form with leucoplasts ; this is done by cultivating 
the organism in the dark in suitable organic food solutions e.g. 2-4% solution of 
dextrose or levulose. It has even been possible to obtain individuals without 
leucoplasts (Fig. 314). 

Whole orders (Protomonadinae, Poly mas tiginae) also are colourless and doubt- 
less derived phylogenetically from coloured ancestors. To the Protomonadinae 

belong certain forms that live in the 
blood and the gut of animals and give 
rise to some tropical diseases. Thus 
Trypanosoma Brucei causes the Tsetse- 
disease of cattle, and T. gambiense 
(Fig. 316) the sleeping sickness in 
man ; both are conveyed by flies 
belonging to the genus Glossma. 
Plants also may be infected by colour- 
less Flagellates. 

In spite of differences in colouring, 
the Chrysomonadales and the Hetoro- 
chloridales are closely related, and so 
also the Cryptomonadales and the 
Dinoflagellatae ; 
the Euglenales and 
the Polyblephari- 
dales are isolated 
groups. 

Some Flagellates 
with sculptured 
walls have been 
preserved as fossils. 

Thus Silicoflagel- 
lates are known 
from the Cretaceous 
period, Dinoflagel- 
lates from the F i‘>. 3i5.- 
Jurassic, and Cocco- 
liths even from the 
Cambrian. 

Key to the 
Orders of Coloured 
Flagellates 

Brown, radially symmetrical, 1 or 2 flagella, characteristic 



Fig. 314. — Euglena gracilis. A, Form with green 
chromatophores (ch ) ; n, nucleus ; v t vacuole and 
red eye-spot ; g, flagellum. B , Hemi-saprophytic 
form with small green chromatophores. C, 
Colourless saprophytic form occurring in nutrient 
solution in absence of light. D , Resting cyst of 
the form C ; r, red eye-spot. E, Germination of 
the resting cyst of the form A by division into 
four daughter-cells which later escape. (A, C x 
630 ; B x 650; D,E x 1C00. After Zumstein.) 



-Mastigam- 
oeba invertens. A 
colourless Flagel- 
late. A, Free swim- 
ming. B, Amoeboid 
condition. (xlOSS. , 
After Lemmkb- 

MANN.) 


Chrysomonadales. 
cysts. 

Cryptomonadales.— Brown, dorsiventral, 2 unequally long flagella. 
Dinoflagellatae. Brown, dorsiventral, 2 unequally long, ribbon-shaped flagella, 
in characteristic longitudinal and transverse furrows. 

Heterochloridales. — Yellow-green, 2 unequally long flagella. 

Euglenales. — Green, 1 flagellum. 

Potyblepharidales. — Green, 2-8 equally long flagella. 

Series derived from the Flagellatae.— The Flagellates, as has 
been seen in the preceding account, exhibit great variety. In none 
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of the particular groups, however, can primitive forms be recognised ; 
even those that appear most primitive must be regarded as derived 
from extinct and simpler types. On the other hand, more highly 
organised series of forms appear to have developed from most of the 
groups. The lowest animals (Rhizopoda) can be connected with the 
colourless Flagellates, while series of plant-like forms, which have 
recently been especially studied by Pascher, are related to the 
pigmented groups. These derived forms begin with permanently 
motile, unicellular organisms ; at a higher stage the cells are for the 
most part non-motile (Capsales and Coccales) and only liberate motile 
cells in reproduction ; the highest stage in the development is reached 



Flo. 316. — Trypan- 
osoma (jambiense. 
From the blood of 
an infected mon- 
key, the flagellum 
forming an undu- 
lating membrane* 
(After Minch in.) 



Fin. 317 . — Ilydmrus foetidus. .<4, Apex of a branch of the 
colony enclosed in mucilage. (After Berthoj.d.) 
/>, Phae.othamn.iom Bor~ianum. Young plant forming 
zoospores, and showing the basal cell. (After Borzi.) 
V, Swarm-spore with chromatophore, eye-spot, sphere 
of leucosin at the hind end and two vacuoles at the 
anterior end, which bears two cilia. (After Pascher.) 


by filamentous, usually attached forms (Trichales) which also produce 
motile swarm-spores. The higher forms can in part be regarded 
as true Algae, without, however, attempting to draw any sharp line 
between the Algae and the Flagellates. 

The Chrysophyceae are derived from the Chrysomonadales. Hydrurus foetidus 
lias richly branched, firm, mucilaginous colonies (Fig, 317, A) which may attain a 
length of 30 cm. Phaeothamnion has the highest organisation (Fig. 317); its 
branched filaments form small plants, under | mm. long, which are attached to 
the surface of fresh-water species of Cladophora by means of a hemispherical basal 
cell. The swarm-spores which escape from the cells of the filament resemble the 
Chrysomonadinae, with a brown chromatophore, eye-spot, and two contractile 
vacuoles. When the swarm -spore becomes attached^ it loses the cilia, contractile 
vacuoles, and eye-spot, and develops into a new filamentous plant. The silicified 

2 C 1 
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cysts, with pore and plug, of the Chrysomonadinae also occur among the Chryso- 
phyceae. 

The Cryptophyceae is another series derived from the Cryptomonadales. 

The Dinophyceae, similarly related to the Dinoflagellatae, is a series com- 



Fio. 318. — Cystodiniuui Steinii : a, cyst ; ft, division into two swarm-cells J c, a cyst swelling ; 
rf, liberated swarm-cell, (x 480. After Klebs.) 


mencing with unicellular non-motile forms like Cystodinium (Fig. 318), and attains 
its highest point in Dinothrix (Fig. 319) which forms iiregular filaments consisting 

of a few cells. Both Cystodinium and Dinothrix 
liberate swarm • spores that resemble Gymntt - 
dinium. 

The Heterocontae are to be traced back 
to the Heterochloridales, since their motile 
cells have the same features (two cilia of 
unequal length, yellow-green chromatophores, 
leucosin and oil). Heterococcus may be uni- 
cellular, or form a flat layer ora short filament. 
Tri bone nia ( Conferva ) is a widely distributed, 
fresh- water genus with unbranched filaments 
(Fig. 320). Botrydinni granulatum (Fig. 321) 
is adapted to life on land, occurring on moist 
loamy soils ; the unicellular, but multinucleate 
thallus has the form of a pear-shaped green 
balloon, some 2 mm. high, and attached below 
by branched colourless rhizoids. The zoo- 

spores, which are produced in large numbers 
and escape from an opening at the summit, 
have two chloroplasts and two unequally long 
cilia attached at the pointed end (Fig. 321, B) ; 
on forming a wall they grow into new 
vesicles. Sexual reproduction is unknown ( 2 ). 

The most highly developed series of plants derived from the Flagellates is that 
of the Isocontae or Chlorophyceae, which are related to the Polyblepharidales. 
On account of the variety of the forms and the advanced stage of development ex- 
hibited, the Chlorophyceae require separate treatment (p. 394). The Diatoms, 



Fio. 319. — Dinothrix with Gymnodinium - 
like zoospores in the cells. (After 
Pascher.) 
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which also stand in relation to the Flagellatae, must however be considered 
first. 


Class IY 

Diatomeae (Diatoms) ( 1 » n » 20 » 23 ) 

The Diatomeae (Bacillariophyta) constitute a very large class of 
unicellular Algae. They occur, usually associated together in large 



1 . 2 . 

Fig. 820. — Tribonema bomhycina. 
1, Filament. 2, Zoospore. With 
unequally long cilia. (After 
(Jay and Luther, from Oi.t* 
Manns’ Algae ) 



i 



Fio. 821 . — Botrydinm grannlatum A (x28). 
Zoospore (xlOOO). (After Strasburoer 
and Kolkwitz.) 


numbers, in both fresh and salt water, and also on damp soil. The 
subaerial forms can endure dessication for months. 

The cells display a great diversity of shape ; this is based either 
on a bilaterally symmetrical (Fig. 322) or on a centric type (Fig. 
323). 

The cell-walls, with their outer layers silicified while the inner 
layers are composed of pec tic substance, are very characteristic. 
The wall is formed of two halves or valves, one of which overlaps 
the other like the lid of a box. The cells thus present two altogether 
different views, according to the position in which they are observed, 
whether from the girdle or valve side (Fig. 322). 

The lateral walls of the two valves are formed of the girdle pieces attached 
beneath the margins. In some genera the girdle side is extended by the intro- 
duction of annular or scale-shaped intermediate bands. 

The walls of the cells, particularly on the valve side, are often ornamented 
with numerous, fine, transverse markings or ribs, and also with small protuberances 
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and pits (Fig. 322, A). They are often perforated by open pores which serve to 
give exit to the mucilaginous secretion. 

The two valves are so strongly impregnated with silica that, even when 
subjected to intense heat, they remain as a siliceous skeleton, retaining the original 
form and markings of the cell-walls. When the siliceous part is removed by 
hydrofluoric acid the peetic basis of the wall remains. 


The cell has always a central nucleus which is almost as complex 
in its organisation as in the higher plants. The chromatophores are 
of a brownish -yellow colour. Pyrenoids are 
often present. The pigments are chlorophyll 
and yellow phycoxanthin. Globules of a 
fatty oil are also included in the cell- 
contents, and take the place of starch as an 
assimilation-product. 

The cells are either solitary or form colonies; they 
are free-floating or united in colonies of various 
types. Sometimes they are attached by means of 
gelatinous stalks excreted by the colls themselves 
(Fig. 324). In other cases the cells remain con- 
nected at their angles by mucilage and form bands 
or zigzag chains, or, on the other hand, they are 
enclosed in mucilaginous tubes. 

The Diatomeae multiply vegetatively by 
cell-division. In this process the two valves 
are first pushed apart from one another by 
the increasing protoplasmic contents of the 
mother-cell, which then divides longitudinally 
in such a direction that each of the two new 
cells retains one valve of the mother-cell. 
After the division of the protoplasm of the 
mother-cell is accomplished, each daughter- 
cell forms, on its naked side, a new valve 
fitting into the old one. The two valves 
of a cell are therefore of different ages. In 
consequence of this peculiar manner of 
division, since the walls of the cells are silicified and incapable of dis- 
tension, the daughter-cells become successively smaller and smaller, 
until finally, after becoming reduced to a definite minimum size, they 
undergo transformation into auxospores. The auxospores are usually 
several times larger than the cells from which they arise, and by their 
further development they re-establish the original size of the cells. 
They arise under particular conditions and not necessarily only when 
the minimal size has been reached. 

The sexual reproduction consists of a conjugation of similar 
gametes, and, so far as is at present known, the reduction-division 
always takes place in the formation of the sexual cells. 



Fig. 322. — Pinnnlaria viridis. A % 
Valve view; B, girdle view, 
(x 540. After Stkashurger.) 
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Order 1. Centrales 

In these tli (3 valves are symmetrical about a centre, and have the sculpturing 
radially or concentrically arranged (Fig. 323). The great majority of the forms of 
this order are marine, and play a large part in the composition of the plankton ( 18 ). 
The plankton diatoms are provided with special arrangements for floating, e.g. horn- 
like projections or wings of the cell-wall such as are seen in Figs. 323 and 325. Some- 
times they are associated in chains or otherwise by mucilage. The vegetative cells 
of the Centrales have no motile organs. 

Some Centrales are able to form resting spores within the rigid cell-wall. 



Fio. &2$.~Planktoniella sol. Atlantic Ocean. A disc- 
shaped plankton diatom with a hollow wing, serving 
for Moating, arising from the girdle side. The proto- 
plast contains a nucleus and numerous chromato- 
phores. (x 322. After G. Kahsten.) 


Fig. 824.— Licmophora jlabellata. 
Colony of Diatoms with branched 
gelatinous stalks. (After Smith, 
from Goebel’s Organographie.) 


These sink to the bottom and can survive unfavourable periods, germinating 
later to form vegetative cells. 

The AUXOspore formation in the Centrales takes place by simple growth, by 
the protoplasmic body of a cell becoming free from the cell-walls and increasing 
in size ; the enlarged cell is first surrounded by a weakly silicified membrane 
(perizonium), and in this the new valves are formed (Figs. 325, 326, B). 

In the formation of gametes ( m ), for example in Biddulphia mobilimsis (Fig. 
326, C, D), the cell first divide into two gametangia which round themselves 
otf ; the contents of each of these divide into numerous (in some species 128) 
naked nucleated cells. These gametes are provided with a pair of equal cilia (! ig. 
326, E) and, like the vegetative cells, have the half number of chromosomes. They 
emerge and fuse in pairs to form naked zygotes with lour cilia. These later sur- 
round themselves with a wall and have the appearance of small vegetative cells. 


Order 2. Pennales 

Tho Pennate Diatoms live mostly on the floor of ponds, etc., or on the surfaces 
of submerged plants ; others inhabit damp soil. In shape they are elongated, 
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elliptical, or boat-shaped, but may be wedge-shaped ; the valves have their 
sculpturing pinnate (Figs. 322, 327). In many of the Pennales (Fig. 322) a 
longitudinal line corresponding to an opening in the cell-wall, and exhibiting 
swollen nodules at both extremities and in the middle, is to be seen on the 
surface of each valve. Forms provided with such a median suture or raphe are 
characterised by peculiar creeping movements, resulting from the friction of the 
streaming protoplasm in the longitudinal slit of the raphe against the substratum 
or the surrounding water. 

In the process of sexual reproduction two cells lay themselves side by side 
and secrete a covering of mucilage. The nucleus of each cell undergoes reduction, 
dividing to form four haploid nuclei. Four gametes are not, however, produced as 
might have been expected, but some of the nuclei become small and functionless 
so that a smaller number of gametes result. Thus in Navicula , Pleurosigma, etc. 



Fig. 825. — Corethron VaZdiviae. From the Antarctic plankton. «, Cell with floating bristles 
and tentacles; b, Auxospore formation ; the protoplast after casting off one valve has emerged 
from the other and, surrounded by the perizonium, has become some four times its original 
size. (After Karsten.) 

the protoplast of each cell divides to form two gametes (Fig. 327), each of which 
possesses a small functionless nucleus in addition to the larger nucleus that m ill 
undergo fusion later. The gametes from the two parent-cells now conjugate in 
pairs, the zygotes having at first four nuclei ; the two large nuclei fuse while the 
small nuclei degenerate. Each of the diploid zygotes becomes invested by a thin 
wall (perizonium), within which it undergoes considerable increase in size. 
Ultimately the protoplast secretes two new valves and thu9 constitutes a new 
individual several times larger than the original cells. The zj r gotesare here — and 
similarly in all Pennales — at the same time auxosporks and may be termed auxo- 

ZYGOTES. 

In other Peunales the process is simpler ; thus in some ( Surirella , Cocconeis ) 
each cell forms only one large and three degenerating small nuclei, so that only one 
zygote is formed on conjugation (Fig. 328). In some (PhabdoTiema) all gamete- 
formation is omitted and the protoplast of the mother-cell develops to ah 
auxospore by simple growth. 

Many Pennales occur in places where decomposing substances are present 
in abundance. Such species can assume a saprophytic mode of life, their 



DIV. I 


THALLOPHYTA 


393 


chromatophores becoming colourless and reduced in size. It lias been shown that 
some colourless species of Nitzschia which occur in the sea are exclusively dependent 
on organic substances for food, the reduction of their chromatophores and pigment 
being complete ( 22 ). 

On account of the extreme fineness of the markings of their valves, it is 



Fio. 826. — Ilithhi! i‘hia rnnhilUntis. A, View from the girdle side; P>, auxosporc formation ; C, cell 
divided into tw<> gamotangia ; D, formation of gametes (A-D X 228, alter !’. Hf.rc.on); 
E, gametes of <;•*» ifm'isrus (after Pavillard). 


customary to employ certain species of Diatoms as test objects for trying the 
lenses of microscopes. Pleurosigma angulatum is commonly used for this purpose. 


In considering the relationships of the Diatoms the ciliated gametes 
are of the greatest importance, since they indicate that the Diatoms, 
and in particular the Centrales, are derived from brown Flagellates. 

There is no further development towards higher forms, but the series ends with 
the Pennales as a phylogenetically younger group derived from the Centrales. 

The characteristic structure of the cell- wall, as well as the formation of 
endogenous spores, and the silicification of the wall, all appear more feebly in 
some Cliiysomonadinae. There are thus indications of special relationship to this 
group. 
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Fossil Diatoms are only known as far back as the Upper Lias. They are 
especially abundant in Tertiary rocks, where their silicified walls form a large part 
of the deposits of siliceous earth (kieselguhr, mountain meal, etc.), and in this 



Fig. 327.— Formation of auxozygotes in Navicula 
viridula. A , Cell seen from the valve side. B, 
Two cells lying alongside one another ; their 
contents have divided into two daughter-cells, 
each of which possesses two nuclei. C, D, 
Conjugation in pairs of the daughter-cells to 
form the auxospores, which at first contain 
four nuclei. F, The two full-grown auxospores. 
(x 500. After Karsten.) 



Fig. 328. — Surirella saxonica. 
Auxozygote in the empty 
valvesof tbeparent-cellF. 
(After G. Karstrn.) 


form are utilised in the manufacture of dynamite. The Tertiary species are in 
part identical with those now living or belong to existing genera. 

The two orders of Diatomeae are mainly distinguished by the following 
characters : — 

Centrales. — Cells centric, without raphe, non-motile ; auxospore formation 
independent of the sexual fusion ; gametes ciliated. 

Pennales. — Cells bilateral, sometimes with raphe, motile ; auxospore formation 
in connection with the conjugation of non-motilo gametes. 


Class V 

Chlorophyceae (Green Algae) ( lf n » 28 38 ) 

The pure green chloroplasts, which frequently contain pyrenoids 
and nearly always form starch, are characteristic of the Chlorophyceae. 
The cell-walls consist mainly of cellulose. The asexual reproduction 
in all typical cases is by means of naked swarm-spores (zoospores) ; 
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these are pear-shaped, with two or four equal cilia at the pointed end, 
usually a red eye-spot, and in the hinder part a curved or bowl-shaped 
cliloroplast. 

The swarm-spores by means of pliototactic movements (p. 330) reach situations 
which provide favourable conditions for their germination, and grow into new 
plants. 

In the sexual reproduction (Figs. 329, 331) two gametes, which 
often resemble the asexual swarm-spores, conjugate ; the male gametes 
at least are always ciliated ; the female are in some cases noil-motile 
egg-cells. The spherical zygote usually becomes a thick- walled resting 
cell and is often coloured red by haematochrome ( = carotin). On its 
germination the reduction-division takes place. 

Most Chlorophyceae occur, free or attached, in fresh water, or in 
moist situations ; some kinds are aerophilous and can endure complete 
drying-up ( 28 “). A few live symbiotically in Lichens or within the 
cells of lower animals. Some larger forms occur 
on the sea-coast. The Chlorophyceae, on the other 
hand, form a very small proportion of the marine 
plankton. 

Order 1. Volvocales 

Typical representatives of this order are characterised by 
the cilia being retained by their cells in the vegetative 
stage ; the plants are therefore motile. Each cell lias a 
nucleus and a chloroplast. They are widely distributed 
organisms of the fresh-w'ater plankton, and may appear in 
such numbers as to give the water a green colour. Their 
development is often favoured by organic food materials ; 
a few species ( e.g . Polytoma uvella ) can even live as total 
saprophytes and have no chlorophyll. All Yolvocales have cell-walls which, 
according to the species and stage of development, may contain hemieelluloses, 
pentoses, pectin, and true cellulose. 

Chlamydomonas , belonging to the family Chlamydomonaceae l 29 * 1 ), is a widely 
distributed genus. The free-swimming microscopically small cells (Fig. 330) have 
two cilia, a red eye-spot, two contractile vacuoles, and a cup-shaped chloroplast 
with a pyrenoid. Asexual reproduction is by means of swarm-spores which are 
produced by the longitudinal division of the cell-contents to form 2-16 cells, which 
become free by the rupture of the original cell- wall. There is also a process of 
sexual reproduction. Biciliato gamete* arise in much larger numbers (2-64 or 
more) in the mother-cell, and these unite in pairs by their anterior ends to form 
the zygote (Fig. 329). Besides species with isogamy there are others that are 
heterogamous ; in these a small (male) gamete fuses with a larger (female) cell 
(Fig. 331). The male and female cells here always arise from different mother- 
cells, and the same holds for the gametes of some isogamous forms. A further 
stage is seen in Chlamtjdomonas coccifera , in which the female gamete lias no cilia 
and is thus an egg-cell. Thus, in this genus of unicellular Algae, a series leading 
from isogauiy to oogamy can bo traced. 


/s\ 


B 


Flo. 329 . —Haevut tocucvu s 
Butschlii. A, gamete; 
B , conjugation of two 
gametes ; C,D, zygotes. 
(x800. After Bloch- 

MANN.) 
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Haematococcus is closely related to Chlamydomonas ; the cells contain haemato- 
chrome and give rise to the red colour of rain puddles ( H . plnvialis ) and to red 
snow {H. nivalis). 

The Family Volvocaceae ( 30 ), including colonial forms, is closely connected to 
the unicellular Chlamydomonads. In Pandorina 16, and in Eudorina 32, cells are 

united to form free-swimming, spherical 
colonies. In asexual reproduction each 
cell of the colony divides into a corre- 
sponding number (16 or 32) of cells, 
which do not separate, but are set free 
as complete daughter - colonies. In 
\ Volvo .r (Fig. 332) the hollow spheres, 

] as large as a pin-head, are composed 
Jc sevela ^ thousand cells, each with 

2 


Fio. 3S0. — 1, Chlamydomonas angulosa (aftet 
Dill); g, cilia; v, ^cuole; k , nucleus; 
chr, chromatophores ; py , pyrenoid ; a, 
eye-8jx)t. 2, Chi. subcaudata , with four 
daughter- cells in a parent -cell (from 
Pascher). 

two cilia, an eye-spot, and a chloroplast ; the protoplasts are connected by 
fine processes, and, since further there is a certain division of labour between 
them, the spherical organism must be regarded as a multicellular individual and 
not a mere colony. In the asexual reproduction only certain cells divide to form 
new individuals and these project into the interior of the parent sphere ; they be- 
come detached, lying within the central cavity (Fig. 332, E), and only become free 
by the breaking down of the parent individual. The sexual cells of Volvox are 
differentiated as egg-cells and spennatozoids. The egg-cells arise by the enlarge- 
ment of single cells of the colony ; they are large, green, non -motile cells surrounded 
by a mucilaginous wall. The small spermatozoids are elongated bodies of a bright 
yellow colour, provided with two cilia attached laterally below the colourless 
anterior end ; they arise by the division of a cell of the colony into numerous 
daughter-cells. After fusing with a spermatozoid within the cavity of the colony, 
the egg-cell is transformed into the thick-walled, resting oospore, on the germina- 
tion of which the reduction in number of chromosomes takes place. Since the 
cells which are not transformed into reproductive cells die and break down, Volvox 
provides the first example of the regular occurrence of a dead body or “corpse.” 
Oogamy is also met with in Eudorina , while Pandorina is isogainous. Since, in 
the latter, only gametes from different colonies fuse, the morphologically similar 
colonies show a certain physiological sexual difference. 

The Yolvocales form a series ending with Volvox , and do not lead to any higher 
orders of the Algae. 

Order 2. Protococcales 

The cells of the Protococcales are distinguished from those of the Volvoeales by 
having no cilia in the vegetative condition, so that they are noil-motile (Fig. 333). 
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They have a chloroplast and usually a single nucleus. Reproduction is by means 
of zoospores, in place of which, however, in many genera non-ciliated aplanospores 
are found (Fig. 331). Sexual reproduction is by the fusion of ciliated isogametes, 
or less commonly heterogametes ; oogamy does not occur. Sexuality has only been 
demonstrated in certain genera and appears not to have arisen in the simpler forms. 

The Protococcales occur mainly in fresh water ; some ( e.g ., PI eurococcus) form, 
along with other Algae, a regular constituent of the green growth on the bark of 




Fid. 332 .— Volvoi qlohatm A, P.»iti«.n o! a cnl«>n\ with egg « ells (o), and group* ot nulo/onls 

(ftp) ( x 105). V>, Iimidle >>f ''jx't »l' i i\ f*d by tin* division ofa cell (x *30). C, iSpeima- 

tozoids ( x 530). D, Ivsi m* 11 suiiouiuled by spermatozoids m the mucilaginous membrane. 
(x265. After F. C’ons ) A Volvo > avieus. Sphere enclosing young daughter individuals. 
(After Klein.) 


trees and on walls Others occur as symbionts in Lichens and even in the 

protoplasm of lower animals ( Chlorclla vulgaris , in Infusoria, Hydra , etc.). 

As in tli e Volvocales there is an ascending series from unicellular forms to 
colonies of cells. Chlorococcum (Fig. ' , 3.‘0 and Chlorclla (Fig. 334) ( 31 * 3 ‘-) are 
examples of the former. Sccuedcsmus y which is widely spread in fresh water, 
forms simple colonies of usually four cells united in a row (Fig. 335). Lacli ot the 
cells divides in the direction of its length to form four non-ciliated cells with cell- 
walls ; these on becoming free from the wall of the parent-cell constitute a new 
colony. 

More complicated cell-colonies are met with in Ped last rum (Fig. 336), in the 
form of a free-floating plate. The formation of asexual swarm-spores is effected 
by the division of the contents of a cell into a number (in the case ot the species 



elongated, cylindrical, multimiclea ted cells 
united together to form a many-meshed 
net, which may be 20 cm. in length. In 
the old cells of the net a large number 
of zoospores are formed, which are not 


Fig. 83 0. — Pediastrum grannlatnm.. A, An old 
jj cell-family : a, veils containin'.' spores ; h, 
I spores in process of extrusion (the other 
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eventually collect together and form a new colony. Pediastrum has also a method 
of sexual reproduction by isogametes. 

The life-history of the Water-net ( Ihjdrodictyon utrieulatum) is essentially 
similar. It is one of the most beautiful of the free-floating, fresh water Algae, 
the hollow colonies being formed of 


illustrated, P . granulatum , into 16) of naked swarm-spores, each with two cilia. 
On escaping through the ruptured cell-wall (Fig. 336 A , b), these are enclosed in a 
mucilaginous envelope. After moving about vigorously within this envelope, they 


Fn 333. — Chlorocacni m (Chlorosphoera) li min-ht. I, 
Vegetative cell and cell divided intoS /oospores ; 
2, five /oospores ; ->, /oospores after they have 
formed eell - walls. (After Beykisinvk, from 
Oi.tmanns’ Algae.) 


Fig. XU.—f'hlorelln nilgai is. 1. Cell ; 2, S t 
division into eight aplano.spures. (After 
Gkintzesco.) 


Fio. 335. — A y Scenedesmus acutu s. /;, Tin 1 same, spores). /;, Cell-family shortly after ex- 


undergoing division. Gy Seenedesmus caudatus. tension of the spores. C, Cell-family C hours 


(X 1000. After Senn.) 


later, (x 300. After Al. Braun.) 


set free, but arrange themselves within the parent-cell to form a new net, losing 
their cilia and becoming enclosed by cell-walls. The daughter-net is set free by 
the dissolution of the wall of the parent-cell. 

The Protococcales like the Volvocales can be derived from the Flagellata. In 
contrast to the latter group the non-motile, non-ciliated condition of the cells has 
become prevalent as it 1ms throughout the higher Algae. In some genera of the 
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Protococcales even the spores do not develop cilia, although, as a rule, the repro- 
ductive cells of the Algae tend to retain the Flagellate character. The loss of 
motility is accompanied by a more complex external form of the cells. 

Order 3. Ulotrichales 

The Ulotrichales exhibit, as compared with the unicellular green Algae, an 
advance in the external segmentation of the thallus. It is always multicellular, 
and, in most of the genera, consists of simple or branched filaments. The 
filaments are either attached by a colourless basal cell to the substratum 
(Fig. 338 A) or float free. The thallus of the marine genus Ulva ( Ulva lactuca, 
sea lettuce) has the form of a large, leaf-like cell surface, and is two layers 
of cells thick (Fig. 78, young plant). In Enteromorpha (Fig. 337) the thallus is 
ribbon-shaped, either cylindrical 
or flattened ; when young it is 
two-layered, but later it becomes 
hollow, the wall thus consisting 
of one layer of cells. 

The majority of the Ulotri- 
chales live in fresh or salt water ; 
a few aerial forms (Chroolepideae) 
grow on stones, trunks of trees, 
and, in the tropics, on leaves. 

To this family belongs Trente- 
pohlia (or Chroolepus ) Jolithus , 
often found growing on stones 
in mountainous regions. The 
cell - filaments of this species 
appear red on account of the 
haematochrome they contain, and 
possess a violet-like odour. 

The cells have always only 
one nucleus and also a single 
chloroplast. The asexual repro- 
duction is accomplished by the 

formation of ciliated swarm- * IC ” 337 ^ Kntn0l ^'P }: 
spores. Sexual reproduction is 
effected either by the fusion of planogametes, or the sexual cells are differentiated 
as non-motile egg-cells and motile spennatozoids. 

Ulothrix zonata (Fig. 338 A), the typical representative of the group, is one 
of the commonest filamentous Algae. The filaments of Ulothrix exhibit no 
pronounced apical growth ; they are unbranched, attached by a rhizoid-cell, and 
consist of rows of short cells ; eacli cell contains a band-shaped chloroplast arranged 
like an open ring round the middle of the cell. The asexual reproduction is effected 
by means of swarm-spores, which have four cilia {C) y and are formed singly or by 
division in a cell of the filament (sporangium). The swarm-spores escape through 
a lateral opening (B) formed by absorption of the cell-wall, and, after swarming, 
give rise to new filaments. The sexual swarm-cells, or isogametes, are formed in 
a similar manner by the division of the cells, but in much greater numbers. 
They are also smaller, and have only two cilia (V, E). In other respects they 
resemble the swarm-spores, and possess a red eye-spot and one chromatophore. 
By their conjugation in pairs, zygotes ( F-H ) are produced, which, after drawing 
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in their cilia, round themselves off and become invested with a cell-wall. After 
a shorter or longer period of rest the zygotes are converted into unicellular germ 
plants ( J) y and give rise to several aplanospores (AT), which in turn grow out into 
new filaments. Under some conditions the gametes can give rise to new plants 

parthenogenetically without con- 
jugating. Viva and Enter omorpha 
are also isogamous ( 33a ), the former 
being dioecious. 

The genus Oedogonium ( 34 ) with 
unbranched filaments may be cited 
as an example of the oogamous 
Ulotrichales. The asexual swarm- 
spores of Oedogonium are unusually 
large, and l^ave a circlet of cilia 
around their colourless, anterior 
extremity (Fig. 339 B). In this 
case the swarm -spores are formed 
singly, from the whole contents of 
any cell of the filament ( A ), and 
escape by the rupture of the cell- 
wall. After becoming attached by 
the colourless end they germinate, 
giving rise to a new filament. 
For the purpose of sexual repro- 
duction, on the other hand, special 
cells become swollen and differen- 
tiated into barrel-shaped oogonia. 
A single large egg-cell with a 
colourless receptive spot is formed 
in each oogonium by the contraction 
of its protoplasm, while the wall 
of the oogonium becomes perforated 
by an opening at a point opposite 
the receptive spot of the egg. At 
the same time, other, generally 
shorter, cells of the same or an- 
other filament become converted 
into antheridia. Each antheridium 
usually gives rise to two sperma- 
tozoids. The spermatozoids are 
smaller than the asexual swarm- 
spores, but have a similar circlet of cilia. They penetrate the opening in the 
oogonium and one fuses with the egg-cell, which then becomes transformed into 
a large firm -walled oospore. On the germination of the oospore its contents 
become divided into four swarm-spores, each of which gives rise to a new filament. 

In some species of Oedogonium the process of sexual reproduction is more 
complicated. Spermatozoid-like swarm-spores (androspores) emerge from the 
antheridia. They are not, however, capable of effecting fertilisation themselves, 
but become attached to female filaments and develop into small plants consisting 
of few cells, the so-called “dwarf-males.” The actual spermatozoids are produced 
from the upper cells of these (Fig. 339 C, D). 

The genus Coleochaete (Fig. 340) exhibits the highest development of the sexual 



Flu. 338 . — Ulothrix zonata. A, Young filament with 
rliizoicl-cell r (x 300); B, portion of filament with 
escaping swarm- spores ; C, single swarm-spore ; D , 
formation and e.scape of gametes ; E, gametes ; F, G , 
conjugation of two gametes; //, zygote; J, zygote 
after period of rest ; K, zygote after division into 
swarm-spores. (B-K x 482. After Dodel.) 



DIV. I 


THALLOPHYTA 


401 


reproductive organs among the Green Algae. The long colourless neck of the flask- 
shaped oogoniufn opens at the tip to allow of the entrance of the spermatozoid. 
The spherical oospore increases in size and becomes surrounded by a single layer 
of pseudo-parenchymatous tissue derived from filaments that spring from the 
stalk-oell of the oogonium and neighbouring cells. In this way a fruit-like body 
is formed (Fig. 340, 4). On germination the oospore undergoes a reduction- 
division and divides into 16-32 wedge-shaped cells, then breaks up and liberates 
a swarm-spore from each cell. The spherical, biciliate spermatozoids are formed 
singly in small, terminal antheridia (Fig. 340, 1). The asexual reproduction 
is by biciliate zoospores formed singly in cells of the thallus. 


Order 4. Siphonocladiales 

The algae of this order are filamentous and usually branched ; they are dis- 
tinguished from the Ulotrichales by their large multinucleate cells (Figs. 7, 9), 



Fio. 330. — A, B, Oedogonium: A, escaping swarin-.spores ; B, free swarni-sporo. (\ D, Oedogonium 
riliafnm: C, before fertilisation; D, in process of fertilisation; o, oogoniu ; a, dwarf-males; 
S, spermatozoid. (X 300. After Puixoshf.im.) 

the chloroplasts of which are either solitary, large, and reticulately-formed 
(Fig. 9), or appear as numerous email discs. It may be assumed that the 
Siphonocladiales are derived from Algae resembling Ulothrix by enlargement of 
the cells of the filament, increase in number of the nuclei, and alteration of the 
chromatophorc. 

The genus Cladophora (Fig. 341), numerous species of which occur in the sea 
and in fresh water, is one of the most important representatives of the order. 
Cl. glomerctta (Fig. 81) is one of the commonest algae in streams, often attaining 
the length of a foot. It is attached by rhizoid-like cells, and consists of branched 
filaments with typical apical growth, which some other representatives of the order 
do not show. The structure of the cells is represented in Figs. 7, 9, and 17. 
Branching takes place from the upper ends of the cells by the formation of a pro- 
trusion which is cut off as the first cell of the branch. Asexual reproduction 
is by means of biciliate zoospores (Fig. 341), or, in marine species, tetraciliate 
zoospores, which arise in numbers from the upper cells of the filaments, and escape 
from these sporangia by a lateral opening in the wall. The sexual reproduction is 
isogamous. 
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Only in the genus Sphaeroplea has the sexual reproduction become oogamous. 
S. annulina consists of simple filaments and occurs in fresh water. 

Many forms occur in the sea ( e.g . Siphoned adus), and some have a highly 
complicated thallus, which is always, however, formed of branched filaments ; by 
calcareous incrustation some forms come to resemble coral. Acctabularia mediter- 
ranea (Fig. 342) will serve as an example of such calcareous Algae. The thin stalk 
of the thallus is attached by means of rhizoids, while the umbrella-like disc 
consists of closely united tubular outgrowths, each of which is to be regarded 
as a gametangium. 

Order 5. Siphonales 

The Siphoneae are mainly marine, though some occur in fresh water. They 
are distinguished from the preceding groups of Algae by the structure of their 



Fkj. 340. — Coleoi haete jmlvinata. 1, Antheridium ( a ) and young oogonim (o). 2, Oogonium shortly 
before opening. S, Fertilised oogonium ; ek, nucleus of the ovum ; sk , male nucleus. 
U , Oospore enclosed t 9 form the “ fructification.” 6 , Germinating oospore. (After Oi.tmannn.) 

thallus, which, although more or less profusely branched, is not at first divided 
by transverse septa. The cell-wall thus encloses a continuous protoplasmic body 
in which numerous nuclei and small green chloroplasts are embedded. Only the 
reproductive organs are divided oil* by septa. The Siphonales may 1 m> derived from 
the Siphonocladiales by assuming that the capacity of forming transverse walls in 
some representatives of the latter was lost in the phylogmy. 

Vamheria occurs commonly in fresh water or on damp soil. The thallus con- 
sists of a single branched filamentous cell attached to the substratum by means 
of colourless rhizoids (Fig. 344.) The thallus in most other Siphoneae is, on the 
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other hand, a specialised branch-system. The genus Bryopsis has a delicate, 
pinnately- branched thallus ( 37 ). In Caulerpa prolifera (Fig. 343), which occurs 
in the Mediterranean, the lobes of the thallus (assimilators) are leaf-like and are 
frequently proliferous. They spring from a colourless, creeping main axis, which 
has continued apical growth and sends colourless rhizoids into the soil ( 37 ). In 
other species they are pinnately lobed or branched. The whole thallus, encloses 
but one cell -cavity, which is, however, often traversed by a network of cross- 
supports or trabeculae. Starch- forming leucoplasts are 
present in the colourless parts of the thallus. 

Some species of Vaucheria become incrusted with 
lime and may lead to the formation of calcareous tufa. 
Some other genera ( e.g . Halimeda y which occurs in 
the warmer seas) are regularly calcified. 


Fio. 341. — A, Cladophora. Gen- 
eral habit (reduced). li,Clath- 
photo. glom* vatu. Swarm-^noi c. 
(X500. After SruAsm iu.i i;.) 


Fio. 342 . — Acftubularia vi edittrranea. 
(Nat. size. After Oltmanns.) 


Besides an asexual reproduction by means of zoospores the Siphonales have 
sexual reproduction. This is either heterogamous [e.g. Bryopsis) or oogamous. 
Isogamy does not occur. 

The asexual swann-spores of Vaucheria , which differ from those of the other 
Siphonales, are developed in special sporangia, cut oif from the swollen extremities 
of branches by means of transverse walls (Fig. 344). The whole contents of such 
a sporangium become converted into a single green swarm-spore. The wall 
of the sporangium then ruptures at the apex, and the swarm-spore, rotating 
on its longitudinal axis, forces its way through the opening. The swarm-spore 
is so large as to be visible to the naked eye, and contains numerous nuclei 
embedded in a peripheral layer of colourless protoplasm. It is entirely surrounded 
by cilia, which protrude, in pairs, one pair opposite each nucleus. Morphologically 
the swarm-spores of Vaucheria correspond to the total mass of individual zoospores 
of an ordinary sporangium. 

Tho sexual reproduction of Vaucheria is not effected, like that of the other 
Siphoneae, by the conjugation of motile gametes, from which, however, as the 
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earlier form of reproduction, it may be considered to have been derived. The 
oogonia and antheridia first appear as small protuberances, which grow out into 
short lateral branches, and become separated by means of septa from the rest of 
the thallus (Fig. 345 o, a). At first, the rudiment of an oogonium contains numerous 
nuclei, of which all but one, the nucleus of the future egg-cell, retreat again 
into the main filament before the formation of the septum. In its mature 
condition the oogonium lias oil one side a beak-like projection containing only 
colourless protoplasm. The oogonium opens at this place, the oosphere rounding 
itself olf. The antheridia, which are also multinucleate, are more or less coiled {a), 



Fio. ZiS.—Caulerpa prolifera. The shaded lines on the lobes 
of the thallus indicate the currents of protoplasmic move- 
ment. a, Growing apex of the thallus axis ; />, />, young 
thallus lobes ; r, rhizoids. ($ nat. size.) 


and open at the tip to set free 
their mucilaginous contents, 
from which the numerous 
swarming spermatozoids be- 
come free. The spermatozoids 
are very small, and have a 
single nucleus and two cilia 
inserted on one side. They 
collect around the receptive 
spot of the egg-cell, into which 
one spermatozoid finally pene- 
trates. After the egg-cell has 
been fertilised by the fusion 
of its nucleus with that of the 
spermatozoid, it becomes in- 
vested with a wall and con- 
verted into a resting oospore. 
On germination the oospore 
grows into a filamentous 
thallus. 


The Chlorophyceae 
appear to be a natural 
group of plants that can 
be directly connected 
with the Flagellates. 
They either resemble 


the latter throughout their whole developmental cycle, or they at 
least recall their Flagellate ancestry by the form of their naked, motile, 
reproductive cells. This is brought out especially clearly by the fact 
that the zoospores of some Chlorophyceae can shed their cilia and be- 
come amoeboid ; they then creep about by means of pseudopodia, and 
can feed like animals on various minute organisms. There are several 
ascending series within the Chlorophyceae which exhibit progressions 
from simple to more highly differentiated forms. This is particularly 
clear in the Yolvocales where, starting from unicellular forms, multi- 
cellular colonies with equivalent, unconnected cells, that can all serve 
for vegetative life and for reproduction, lead on to multicellular in- 
dividuals with pronounced division of labour between their cells. As 
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regards the sexual reproduction, progressive differentiation can also be 
followed. The lowest stage is that of isogarny, in which the con- 
jugating gametes may even proceed from the same parent-cell. This 
leads by way of heterogamy to the simpler cases of oogamy ; in the 
higher types of oogamy the egg is not liberated but is fertilised in the 


Fig. 344. — Vaucheria sessilis. J , Young sporangium. />, Zoospore with the sporangium from 
w hich it has escaped. C, A portion of the peripheral /one of a zoospore. D, A young plant 
with rhizoids developed from a zoospore. (.4, II after Uftrz ; D after Sachs ; from Oltmanns’ 

. I hiitc. (' after Si u Asm iuiKK.) 

oogonium. The case of Coleochaete is especially noteworthy, for in it 
fertilisation acts as a stimulus on the cells of the branch bearing the 
oogonium, so that a primitive type of “ fruit-formation ” results. 

The reduction-division takes place very generally on the germination of the 
zygote, so that the plant throughout its whole development is haploid. 

The Green Algae are without doubt a very ancient group of lower plants. 
Only the marine Siplionocladiales, in which the thallus is rendered more resistant 
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by calcification, can be followed 


back witli certainty to the Silurian. These 
calcareous algae played an especially 
important part in Triassie times and 
were present in great variety. 


The following characters may be 
used to distinguish the Orders : 
Volvocalcs. Unicellular or multicellu- 
lar, always motile even in the 
vegetative condition. 

Protococca/es. Unicellular or multi- 
cellular, non-motile in the vege- 
tative condition, no cell- filaments. 
Ulofri chairs. Cell-filaments or more 
highly organised thalli, cells uni- 
nucleate. 

Siphonocladialcs. Cell-filaments or more highly organised thalli, cells multinucleate. 
Siphonalcs. Cells tubular, without trans- 
verse septa, multinucleate. 


Fio. 345 . — Vaurhrria Portion of a filament 

with an oogonium, o ; antherirlium, a ; c/r, chro- 
matophores ; u, cell nuclei ; o/, oil globules. 
(X 240. After Stkashuroku.) 


Class VI 


Conjugatae ( 1 > u « 24 ’ 26 ) 


The Conjugatae are pure green 
algae with uninucleate cells, but, 
in contrast to the Chlorophyceae, 
have neither zoospores nor ciliated 
gametes (Acontae). In their sexual 
reproduction there is a conjugation 
of two similar non-motile gametes 
to form a zygote ; the gamete in 
almost all cases is derived from the 
whole protoplast of a vegetative 
cell. After a prolonged resting 
period the zygote undergoes reduc- 
tion-division and germinates ; thus Fm. £4«.— zi, cyiimiroq/stis ihrUsomi 
the Conjugatae, like the Chloro- 
phyceae, are haploid organisms. 

The Conjugatae are a varied 
group of fresh-water algae. They 
are either unicellular (Desmidiacae) 
or have the form of unattached, uubranched filaments (Zygncmaceae). 

The Desmidiaceae ( 24 - 25 ), which occur especially on peat-moors when*, the. water 
has an acid reaction C 24 *), are among the most beautiful of algae and exhibit a 
great variety in form. 

Their cells may be cylindrical (Cy/ind/ort/stis, Fig. 346), or semilunar ( Clos - 
terium , Fig. 348) ; they are often constricted in the middle and biscuit-shaped 


nucleus is iu (lie centn* betw» 
lai^e lob' 1 *! ehlmoplasl s with clou; 
pyrciiouls. Tin* zygote before, ;u 


•molds. 

after the fusion of the nuclei. /), 
zygote 1 )•* fore ^>ei uiinul ion, with 
daughter d lls. (After K a i iimann.) 
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( Cosmarium , Fig. :il7 />), or stellate (Micro sfcrius. Fig. 347 D). Chains of cells 
occur — ill addition to the types with solitary cells. 

In most cases the wall is composed of two halves, the bevelled edges of which 


overlap at the middle line of the cell. It is only in a few genera (which are 
grouped in a special Family, the Mesotaciiiaceae) that the wall is not thus con- 
structed of two halves. The wall consists of an inner layer of cellulose and an 
outer thin “ cutieular ” layer. It is frequently provided with spiny or warty 
projections, and is usually perforated by pores. \\ itliin each ot the two sym- 
metrical halves of the cell there is a green chloroplast with one or several 


Firs. 847.- . 1 , <‘t>.<iunrhnn dividing /{, C , 

Cot-mar i it m bo'riifis, f' 1( Two cells at right angles 
preparing for conjugation - the lower cell shows 
the conjugation canal ; ( gametes fused into the 
young zygote ; C3, maluie zygote; />, Mi-rnCiriits 
ervx mcUtenais. (After Halks; < (Rafter nn 
Bahy.) 


Km. 848.-- -Chmferium. A, Zygote before 
termination showing the two nuclei 
not >ct united; B , germinating 
zygote with the nuclei united : 
division into two cells each contain- 
ing one larger and one smaller 
nucleus; />, further state of ger- 
mination ; K, yetingplants escaping 
from the cell-membrane ; b\ 
terium iii-oiifif-nim, mature plant. 
(A-K after Ki.f.haiix.) 
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pyrenoids ; the nucleus occupies a middle position (Fig. 346.4). The chloroplasts 
exhibit considerable variety in form, c.g. they are lobed in Cylindrocystis , while in 
Clostcrium the shape is that of a cone with longitudinal ridges, so that the cross- 
section is stellate. 

Some Desmidiaceae exhibit pliototactic movements ; these are effected by the 
agency of mucilaginous threads emerging from the pores in the cell-wall. 

Multiplication is effected by cell-division. This is accomplished by the forma- 
tion of a partition wall across the middle of the cell, after the nuclear division is 
completed. Each daughter-cell eventually attains the size and form of the mother- 
cell, by the outgrowth of a new half on the side towards tlio plane of division 
(Fig. 347 A). 

In conjugation two cells approach each other, and surround themselves with a 
mucilaginous envelope. Their cell-walls rupture at the constriction, the protoplasts 



Fig. 349. — A, Conjugation of Spirogyra quinina (x 240). B, Spirogyra longata(x 150) ; z, zygospore. 

C, Cell of Spirogyra jugalis ; k , nucleus ; eh, chromatoplioros ; p, pyrenoid (x 256). 

pass into the conjugation canal, which soon becomes mucilaginous, and then 
unite to form a zygospore. The zygospores frequently present a very characteristic 
appearance, as their walls are often beset with spines (Fig. 347 (? 3 ). The four empty 
cell-halves may be seen close to the spore. 

The two sexual nuclei in the zygote do not fuse until germination of the latter 
is about to commence (Figs. 346 B , C\ 348 A, B). The resulting nucleus then 
undergoes division, with reduction, into four nuclei. In Cylindrocystis four uni- 
nucleate young individual cells result. In most Desmidiaceae, however, only two 
cells are formed from the zygote, each of which has thus two nuclei of different 
sizes ; the smaller nuclei degenerate and disappear (Fig. 348). In Hyalotheca , 
the cells of which are united in chains, three of the four nuclei degenerate, so that 
only a single young cell results. 
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The Zygnemaceae, ( a6 ) with unbranclied filaments, include the well-known genus 
Spirogyra # the numerous species of which occur in still water as free-floating tangled 
masses, especially in the spring. The filaments grow in length by the transverse 
division and elongation of all the cells. The transverse septum, which is composed 
of cellulose, usually becomes split, as in the Desmidiaceae ; the cells are then held 
together only by the delicate “cuticular” layer that forms a sheath to the whole 
filament. Thus the filaments readily break up into portions, or into the single 
cells, which can then continue to grow and divide. The cell-wall is smooth and 
without ] tores. Each cell has a single nucleus and one or several chloroplasts with 
pyrenoids (Fig. 349 G) ; the chloroplasts have the form of spiral bands lying against 
the inside of the wall. In the genus Zygnema each cell has two stellate chloro- 
plasts ; in Mesocarpus there is an axile plate-shaped cliloroplast. The filaments 
have a certain power of movement, the cause of 
which is uncertain. 

When conjugation is about to take place two 
sexually different filaments become parallel and 
closely appressed. Along the line of contact 
papillae project from the cells, so that the 
filaments undergo a secondary separation and 
have a ladder-like appearance (Fig. 349 A). 

When the tips of the papillae are in contact 
they become mucilaginous, so that a continuous 
conjugation-canal results. Through this the 
protoplast of the male cell passes as the male 
gamete into the corresponding female cell and 
the two protoplasts fuse ; the resulting zygospore 
rounds itself off, becomes thick-walled, and is 
densely filled with fat and reddish-brown 
spheres of mucilage. The chloroplasts of the 
male cell break down. On the germination 
of the zygote the fusion nucleus undergoes 
reduction-division with the production of four 
haploid nuclei ; one of these becomes the 
nucleus of the first cell of the young plant, 
while the three others degenerate (Fig. 350). 

Thus only one young plant is produced from 
the zygote, and by its elongation and cell- 
division gives rise to a filament. 

If, as is commonly the case, the filaments are of different sex, the zygotes all 
lie in the cells of the female filament. There are also species in which the filaments 
are of mixed sex, and in these the zygotes may be formed in both of the conjugating 
filaments ; further, the presence of two filaments is not necessary, for the gametes 
can pass between cells of different sex in the same filament by means of a lateral 
conjugation canal (Fig. 349 B), There are also genera in which the zygote is 
situated midway in the conjugation tube ( Mesocarpus ). 



Fig. 350.— Spi i ogyra lonyata : zygotes of 
\ anous age. .4, The two sexual nuclei 
belore fusion ; B, after fusion ; C, 
dnisionof the nucleus of the zygote 
into four haploid nuclei ; D, the 
three small nuclei degenerating. The 
chloroplasts are represented as in 
optical section. (After Trundle.) 


The Conjugatae are a distinctly limited group of Green Algae, 
characterised by their cell -structure and method of reproduction. 
The phylogenetic connections of this group are by no means clear, 
Connecting forms between them and the Flagellates, or more probably 
the lower Chlorophyceae, have become extinct ( 23 ). 
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Class YII 


Characeae (Stoneworts) C* n * ,s ) 

The Characeae or Charophyta grow in ponds and ditches and 
sometimes form veritable meadows a foot in height. They are char- 
acterised by their thallus being constructed of 
elongated internodes separated by the nodes, 
by the whoiled branching (Fig. 351), and by 
the type of their sexual organs. The oogonia 
have spirally-wound investing filaments, and 
the filamentous antheridia are contained within 
hollow spherical structures (Fig. 353). 

The short shoots which arise in a whorl at each node 
are in their turn composed of nodes and internodes ; 
they may be simple or bear at the nodes short branches 
of the second order. 

From the axil of one of the short shoots of each 
whorl a lateral axis resembling the main axis is produced. 
The attachment to the substratum is effected by means 
of colourless branched rhizoids springing from the nodes 
at the base of the axes, 
segmentation into 



The rhizoids show a similar 

.s 



long internodal cells 
and nodal cells that 
are laterally dis- 
placed. Branching 
takes place at the 
nodes. 

Both the main 
and lateral axes grow 
in length by means 
of an apical cell (Fig. 

352), from which 
segments are success- 
ively cut off by the 
formation of trans- 
verse walls. Each of 
these segments is again divided by a transverse wall into two cells, from 
the lower of which a long internodal cell develops without further division ; 
while the upper, by continued division, gives rise to a disc of nodal cells, the lateral 
axes, and also, in the lower portion of the main axis, to the rhizoids. In the genus 
NiteMa the long internodes remain naked, but in the. genus Cham they become 
enveloped by a cortical layer consisting of longitudinal rows ot cells which develop 
at the nodes from the basal cells of the lateral axes. 

Each cell contains one normal nucleus derived from a karyokinotie division. 
As a result of the fragmentation of its original nucleus, however, each internodal 
cell is provided with a number of nuclei which lie embedded in an inner and 


Fig. 851. — Chara/ragilis. End 
of a main shoot. (Nat. size.) 


Fig. 35 2.— Cham J', agi (i> 
section of the apex ; 
,/, intern* ules ; A\ 
Saois, x '.a.) 


s, ; i j * i « *; 1 1 


tudinal 
cell ; 
(After 
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actively-moving layer of parietal protoplasm. Numerous round gkeen eheoko- 
i* lasts are found in the internodal cells. 



Asexi a i. i; Ki’Konrc tion by means of swarm-spores or other spores is wanting 
in the Characeae. Skxeae ke production, on the other hand, is provided for, by 
the production of egg- fells and spermatozoids. The 
F k male organs or oogonia are ovate. They are 
visible to the naked eye, and, like the spherical 
red-coloured male organs, are inserted on the nodes 
of the lateral axes. With the exception of a few 


Fin. 3 —.1, Claim Iraq Hi*. Lateral axis with the anthnridia! 

structure (a) amt the $<»gonium (*) with Its enveloping 
lilament s ;itul moma (-•). /:, XihJla Jhrilis. Manubrium 

with he.ii i - cel 1 s ;uni s[ k*i iuat» igem »us tilaments. ' , Cimra 
frag Hi*. Spermatozoa!. A, nucleus; cl, cilia ; <\ cytoplasm 
(x.VIO). />, Xitella flexilis. Longitudinal section through 
a young ant heridial structure; k , head cells ; m, manubrium; 
tr, wall cells. (.1, /.*, P, after Sachs fi-un Oi.tmasns. 
after Sin \sm in.i.n.) 


dioecious species, the Characeae are monoecious. The fertilised egg-cell develops 
into an oospore. 

The M a Eli o ueans (lug. 353) are developed from a mother-cell that first, becomes 
divided into eight cells. Each octant by two tangential walls gives rise to three 
cells. In this way are derived the eight external tabular cells of the wall, the 
cavities of which are incompletely partitioned by septa extending in from the cell- 
wall ; the eight middle-cells form the mamibria. and become elongated ; the eight 
innermost cells assume a spherical form as the primary head cells. Owing to the 
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rapid surface growth of the eight shield-cells a cavity is formed within the male 
organ into which the manubria bearing the head-cells project. The latter form 
3-6 secondary head-cells, and from each of these arise 3-6 long unbranched 
spermatogenous filaments (Fig. 353 B). These are composed of disc-shaped cells 
from each of which a spirally- wound spermatozoid with two cilia is liberated 
(Fig. 353 C). (The spermatogenous filaments or antlieridia may be compared 
morphologically to the plurilocular gametangia of the Brown Algae. These may 
consist of simple rows of cells and be grouped together in sori.) 

The female organ (Fig. 353 A, s) consists of an oogonium which contains a 
single egg-cell with numerous oil-drops and starch grains. To begin with, the 
oogonium projects freely, but later becomes surrounded by five spirally- wound 
cells. These cells end in the corona, between the cells of which the spermatozoids 
make their way in fertilisation. 

The egg, after fertilisation, now converted into an oospore, becomes invested 
with a thick colourless wall. The inner walls of the tubes become thickened 
and encrusted with a deposit of calcium carbonate, while the external walls of 
the tubes, soon after the fruit has been shed, become disintegrated. 

In the germination of the oospore the nucleus divides into four, the first division 
being heterotypic. Thus the diploid stage is limited to the oospore, the Characeous 
plant itself being haploid. While three nuclei remain in the ventral portion of 
the zygote and there degenerate, the fourth nucleus enlarges and passes into the 
projecting germ- plant. 

The formation of tuber-like bodies (bulbils, starch-stars) on the lower part of 
the axes is characteristic of some species of the Characeae. These tubers, which 
are densely filled with starch and serve as hibernating organs of vegetative 
reproduction, are either modified nodes with much-shortened branch whorls ( e.g . in 
Tolypellopsis stelligera , where they are star-shaped), or correspond to modified 
rhizoids {e.g. the spherical white bulbils of Char a aspera). 

Fossil Characeae in the form of zygotes are known with certainty from the 
Jurassic. It is possible that certain Silurian fossils should also be placed here. 

The Characeae form a phylogenetically isolated group of highly 
developed green Thallophytes. The peculiar construction of the 
thallus and of their sexual organs prevents any direct derivation of 
them from oogamous Green Algae. 


Class VIII 

Phaeophyceae (Brown Algae) ( x » n » 39 * 47 ) 

The Phaeophyceae ( 42 ) are Algae of a characteristic brown colour. 
The chlorophyll (much a and little b) in their chromatophores is 
masked by the presence of carotin, xanthophyll, and especially by 
FUOOXANTHIN, a brown pigment allied to xanthophyll. 

So far as is known, starch is never formed as the product of assimilation but 
instead the polysaccharide, laminarin, which also serves as a reserve material ; 
there are further mannite and oil, and, as a bye-product, a tannin-like substance 
fucosan. Cellulose and pectic substances have been demonstrated in the cell-walls. 
The cells are uninucleate. 
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The motile stages (zoospores and gametes) without exception have 
two cilia inserted laterally on the pear- or spindle-shaped cell, in such 
a way that one cilium is directed forwards and the other backwards 
during movement (Fig. 354). In the neighbourhood of the cilia is a 
reddish-brown eye-spot and in the broader hinder end of the swarm- 
spore one, or less commonly several, brown chromatophores are situated. 

With the exception of a few species that occur in fresh water the 
Phaeophyceae are marine algae and attain 
their highest development in the colder 
seas. The thallus exhibits a remarkable 
variety in form. 

Order 1. Phaeosporales ( 43 ) 

In this order are included the majority of the 
Brown Algae. One of the most widely distributed 
species is Ectocarpus siliculosus, the highly branched 
thallus of which, in its tufted form and delicate 
filaments, recalls the habit of the Green Alga, 

Cladophora (cf. Fig. 341). Ectocarpus is asexually 
reproduced by means of zoospores, which are 
formed in large numbers in unilocular sporangia 
(Fig. 354) and germinate soon alter they emerge. 

In sexual reproduction, multicellular gametangia 
are produced (plurilocular in contrast to the 
unilocular sporangia) ; from each of the small cells 
a single motile gamete develops (Fig. 355). These, 
though morphologically alike, exhibit in typical 
cases a sexual differentiation in their behaviour. 

The female gamete becomes attached to a 
substratum, and numerous male gametes gather 
around it (Fig. 356, 1). Ultimately a male gamete 
fuses with the female to form a zygote (Fig. 356, 

2-9). This contains after the fusion a single nucleus but two chromatophores, 
and soon becomes attached and surrounded by a cell-wall ; it grows into a 
new plant without undergoing a resting stage. 

The sexual character of the gametes is not always well marked ; on the one 
hand, they may develop parthenogenetically, and, on the other hand, fusion between 
gametes of the same sex may occur. Thus female gametes with ill-marked female 
tendencies can behave as male gametes towards well-marked female cells and 
conjugate with them (relative sexuality. Hartmann) ( <4 ). 

In other Phaeophyceae the distinction between the two kinds of gametes is 
sharper and is expressed in their shape and size. The Cutleriaceae afford a par- 
ticularly good example, for the female gametangia are larger than the male (Fig. 
357), and the plants are dioecious. 

The reduction-division occurs in the formation of the zoospores in the unilocular 
zoosporangia. The plants which bore these were diploid, while the zoospores give 
rise to haploid plants. These bear gametes, on the conjugation of which the diploid 
stage is again produced. There is thus a regular alternation of generations 
between an asexually reproducing generation or sporophyte and a gametophyte, 
which reproduces sexually. The two generations are further distinguished by 



Fin. 354.— A, Pleurodadia lacustris. 
Unilocular sporangium with its 
contents divided up into the 
zoospores ; a, eye - spot ; chr, 
cliromatophore. (After Kle- 
bahn.) B, Chorda Jilinn. Zoo- 
spores. (After Reinke.) (From 
Oltmanns’ Algae.) 
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their chromosome-numbers, the sporophytc being diploid and the gametophyte 
haploid. In botno genera (Pt/iu iclht, Zcmcml inui), the two geneiations are extern- 




Fio. 355. — A, Ectocarpus sdliculnsus. Garnet - 
angium libei at mg its contents. (After 
Thuret.) l‘> <\ h, ''phacelana cirrhow, de- 
velopment ol the gametangium. (After 
Reinke.)j (From Oltmanns’ Algae.) 



Fin. ZbG.—Ectocaipui sihcuhmis. 1, Female 
gamete surround nl by ,i number of male 
gametes; seen fiom the side 9 5 Stage's m 
the lusion of gametes, i,, Zygote altei g 1 
hours 7-‘K Fusion of the nuclei m tuning. i- 
tion. as st < n in lived and stained matenal. 
(f-5 alt ei Ui.uinoU), d-daltei Oi imanns) 



Fin. 357. — A, Two male garnet. mgia ; II, female 
gametangmm of Cutlet ta inulttjida. (x 400. 
After He ink k ) 


ally alike. In Outleria (Fig. 365), on the other hand, they are dissimihu , the 
gametophyte being an erect dichotomous plant with fimbiiuto ends to its blanches, 
while the sporophyte has the form of a flat, lobed, pioslrute disc ( Ayltur.nnia The 
alternation of generations in the Phaeophyceae is not always strictly maintained 
and complications occur. 
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Order 2. Dictyotales ( 4S ). 

The Dictyotales are more highly developed than the Phaeosporales in two 
respects ; their vegetative body is of more complex structure and their sexual 
reproduction is typically oogamous. 

IHciiin/a dichotomy which is widely distributed on the European coast, has a 
ri l»l ton -shaped, dichotomously branched thallus (Fig. 80). The sporophyte and 
ganictophyte, which form parts of a regular alternation of generations, are 
exactly alike in form and structure. The asexual generation which develops from the 
diploid zygote forms shortly stalked, spherical, unilocular tetrasporangia on the 



Fin. 3 bS.—Didyota dichotomy. Transverse sections of the thallus. 1 , 
With tetrasporangia ; 2, with a group of oogonia ; 8 , with a group of 
antheridia (after Thuret). 4, Sperrnatoznids (after Williams). (From 
Oltmanns’ Algae.) 

surface of the thallus (Fig. 358, 1). Within these, following 
a reduction-division, four naked spores (tetraspores) are 
developed ; in contrast to the other Brown Algae these are 
without cilia and non-motile. They are transported passively by the water 
and germinate to form haploid plants, which are either male or female. 
On the male plants groups (sori) of plurilocular antheridia (Fig. 358, 3) are 
developed; from each of the cells of these a pear-shaped spermatozoid with a 
single laterally-placed cilium (Fig. 358, 4) is produced. Groups of oogonia (Fig. 
358, 2) are borne on the female plants ; the oogonia are unicellular aud each produces 
a single, large, non-motile egg-cell. After fertilisation this develops into a sporo- 
phyte without undergoing any period of rest. 

Order 3. Laminariales ( 4,: ) 

In the alternation of generations of the oogamous Laminariales the sexual 
generation is very small, while the sporophyte is large and in many genera attains 
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a great size (Fig. 359). From the haploid zoospores, minute filamentous male and 
female gamktofiiytks develop (Fig. 360). The former are abundantly branched, 
while the latter consist of few cells and in extreme cases may be reduced to a 
single cell. The male gametophytes bear the antheridia at the tips of the branches. 
Each antheridium gives rise to one biciliatc spermatozoid. Any cell of the female 
gametophyte may form an oogonium, from an opening at the summit of which 
the naked egg-cell emerges. This remains in front of the opening, and after 
fertilisation, proceeds to grow into the diploid sporophyte. This bears club-shaped 

or cylindrical sporangia forming an extensive 
superficial layer. Each surface cell of the 
thallus is prolonged as a club-shaped sterile 
cell or paraphysis, beside which the sporangia 
arise as shorter cells. The reduction-division 
takes place in tho sporangia, and numerous 
biciliate zoospores are produced. 

The sporophytes in the Larninariales are 
frequently of large size and exhibit a high 
degree of morphological and anatomical 
differentiation. Thus Macrocystis pyrifera ( :$9 ) 
(Fig. 361) attains a length of 70 metres in the 
Antarctic ; the thallus grows firmly attached 
to the sea-bottom at a depth of 2-25 metres. 
The axis bears along one side long pendulous 
thalloid lobes, at the base of each of which is a 
large air-bladder, by means of which the plant 
is kept floating along the surface of the sea 
(Fig. 361). Other noteworthy forms are the 
Antarctic species of Lessonia. in which the 
main axis is as thick as a man’s thigh ; from 
it are given off lateral branches with pendulous 
leaf-like segments. The plant attains a height 
of several metres, and has a tree-like habit of 
growth. The species of Laminaria in the 
North Sea (Fig. 359) are several metres in 
length. Some of them bear, on the end of a 
perennial stalk of the thickness of the thumb, 
a simple or palmately divided leaf-like ex- 
pansion of the thallus. This is renewed 
annually, since, towards the end of the winter, 
an intercalary zone at the base of the blade 
gives rise to a new expanded region ; the old blade is pushed up by this and 
gradually perishes 

Order 4. Fucales ( 47 ) 

Asexual reproduction is wanting in this order, while sexual reproduction is 
distinctly oogamous. 

The species of Fncus have ribbon-shaped, dichotomously branched thalli 
which may be over a metre in length. The thallus is firm and leathery and 
attached to the rock by a discoid holdfast (Fig. 362). Fncus covers extended 
areas of the littoral region of the coasts of Northern Europe. Facus an- n this 
has the thallus toothed, while F. vesiculosus has air-bladders in the thallus. 
The highest differentiation is attained by the thallus of Sargassum ( 41 ) ; this 



Fm. o5t >. — Laminaria Cloustoni, North 
Sea. Sporophyte as it occurs in 
April. (Reduced to i.) 
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shows a distinction of cylindrical axes and lateral branches, which, according to 
their functions, are developed as foliage, bracteal or fertile branches, or as air- 
bladders. Sargassum grows on the coasts of the West Indies and tropical 
America, but is carried in large quantity in the detached condition by currents to 
the region of the Atlantic Ocean called the Sargasso Sea, where it leads a pelagic 
existence. 

The oogonia and antheridia of Fucus are formed in special flask-shaped 
depressions termed conceptacles, which are crowded together below the surface 
in the swollen tips of the dichotomously- branched thallus (cf. F. serratns, Fig. 
362). The conceptacles of F. platycarpus (Fig. 363) contain both oogonia and 
antheridia, while F. vesiculosus and F. serratus on the contrary are dioeciou.s. 



Fig. Laminaria dii/itata . A , Male gametopliyte ; a, empty anthendia. B, C, D , Female 

gametophytes (/>’ is large, C small, while/) is reduced to a single oogonium); o</, oogonium ; 
o, egg-cell. K , Young sporophyte, still seated on the empty oogonium. ( A x 000 ; B x ‘20*2 ; 
C x 322; D X 025; K X 322. After II. Kyun.) 

From the inner wall of the conceptacles spring numerous unbranched sterile 
hairs or paraphyses, some of which protrude in tufts from the mouth of the con- 
ceptacle (Fig. 363 p). The antheridia are oval in shape, and are formed in 
clusters on special short and much-branched filaments (Figs. 363 a, 364, 1). The 
contents of each antheridium separate into sixty-four spermatozoids, which are dis- 
charged in a mass, still enclosed within the inner layer of the antheridial wall (Fig. 
364, 2). Eventually set free from this outer covering, the spermatozoids appear as 
somewhat elongated ovate bodies, having two lateral cilia of unequal length and 
a red eye-spot. The ooqonia (Figs. 363 o ; 364, 3) are nearly spherical, and are 
borne on short stalks consisting of a single cell. They are of a yellowish-brown 
colour, and enclose eight spherical egg-cells, which are formed by the division 

2 E 
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of the oogonium mother-cell. The eggs are enclosed within a thin membrane 
when ejected from the oogonium. This membranous envelope deliquesces at 
one end and, turning partly inside out, sets free the eggs (Fig. 364, 4, 6). The 
spermatozoids then gather round the eggs in such numbers that by the energy of 
their movements they often set them in rotation (Fig. 364, 6). After an egg has 
been fertilised by the entrance of one of the spermatozoids it becomes invested 
with a cell-wall, attaches itself to the substratum, and gives rise by division to 
a new plant. 

In the case of other Fucaceae, which produce four, two, or even only one egg in 
their oogonia, the nucleus of each oogonium, according to Oltmanns, nevertheless 
first divides into eight daughter-nuclei ; of these, however, only the proper 
number give rise to eggs capable of undergoing fertilisation. The other eggs, 



incapable of fertilisation, degenerate. In this 
division the reduction in number of the chromo- 
somes takes place ; the plant of Fucus is diploid. 

The Brown Algae thus constitute an 
extraordinarily varied group (Figs. 80, 335, 
359, 361, 362). It exhibits a range in habit 
from minute plants consisting of branched 
filaments of cells, to plants with their 
Fig. m.—Macrocystis pyrifera, Ag. cells forming a massive tissue, exhibiting 
an external differentiation that suggests 
comparison with leaves, stem, and roots, 
and attaining a height of many decimetres, or even that of a small 
tree. 


o, Younger, b, older tliallus. („’ 
nat. size. After SKorrsBEEu.) 


They are always attached, often by means of special discoid holdfasts or 
branched root-like organs of attachment. The larger forms grow on rocks, while 
some of the smaller forms are epiphytic. 

The anatomical structure corresponds to the highly differentiated external 
form. The tliallus often grows by means of a large apical cell (Fig. 86 , 87 ). There 
is usually a distinction between external assimilating tissues and internal storage 
cells (Fig. 358). In some cases (Laminariales and Fucales) there are tubular 
structures, which are constructed like the sieve-tubes of the Connophytes and serve 
similarly for the conduction of albuminous substances. 

The Phaeophyceae constitute a parallel phylum to the Chloro- 
phyceae. 

They appear, like the latter, to have originated from the Flagellatae, and this 
is borne out by the resemblance of their swarm-spores to Flagellates. It is not 
possible, however, to establish a direct connection between them and the brown 
Flagellates, since intermediate forms are wanting ; even the lowest Phaeophyceae 
are relatively advanced forms with sporangia and gametangia. There is also no 
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close relationship with the filamentous Chrysophyceae, partly because these can 
form swarm-spores from any cell, and also because the motile-cells differ in their 
construction. 


I'm. :*62. 1 ' a- ■ r. 1 1 it s. To tin* li ft th<‘ end of an older branchibearing conceptacles. ($ nnt. size.) 

As in i he i hioropliyceae, a passage from isogamy to oogamy can be followed in 
the brown Algae. In the lower forms ( Ectocarpus ) the gametangia of the two 
sexes are alike and multicellular ; in higher forms ( Outleria ) the female 
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gametes are larger than the male, while in Dietyota only a single egg is formed 
in the oogonium. In Dietyota the antheridia are still multicellular, but in 
Laminaria they also have become unicellular and only form a single spermatozoid. 
Plurilocular gametangia, antheridia, and oogonia are thus homologous struc- 
tures. 

In contrast to the Chlorophyeeae the Phaeophyceae mostly have 
a regular alternation of generations, which is, however, rather ill- 
defined in the primitive Phaeosporales, and only appears with com- 
plete distinctness in the higher groups. The construction of the 
sporophyte and gametophyte may be the same ( PyJaiella , Dietyota ), or 
the generations may differ markedly in habit ( Cutleria , Laminaria). 
Either the gametophyte ( Cutleria ) or the sporophyte ( Laminaria ) may 
be the more strongly developed generation (Fig. 365). The sporo- 



Fm. 363 .—Fucus platycarjm Monoecious conceptaclf witli oo-oju.i of ages ( o ), and 

clusters of antliendia (a); p, paraphyses. (xrnca L'fj. Aftri Thi hi i ) 

phyte is always diploid, and the gametophyte haploid, since the 
reduction-division takes place at the formation of the asexual 
spores. 

The Fucales occupy an isolated position, since no alternation of generations is 
evident in them. It has been seen, however, how in the Laminarialcs, the female 
gametophyte sometimes consists of only one cell and the contents of the zoospore 
after coming to rest thus become the egg-cell (Fig. 360, D). The behaviour of 
Fucus may therefore be accounted for by supposing that the reduction of the 
gametophyte has gone a stage further and the asexual spore has itself become the 
egg -cell. The Fucales are thus the terminal member in a series exhibiting a 
progressive reduction of the gametophyte. 
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Dictyotales . Asexual reproduction by non-motile tetraspores ; sexual 
reproduction oogamous. Alternation of generations ; sporophyte and 
gametophyte alike. 

Laminariales. Asexual reproduction by zoospores ; sexual reproduction 
oogamous. Alternation of generations ; gametophyte minute. 

Fitcalcs. Reproduction only by oogamy. 



Fio. 365.— Diagrammatic representation ot the alternation of generations and of phases in Cutltna, 
(left), Dictyota (centre), and Laminaria (right). G, gametophyte ; S, sporophyte ; x, haploid 
(thin lines) ; 2 x , diploid (thick lines). 

Economic Uses. — The dried stalks of Laminaria digitata and A. Cloustoni were 
formerly used as dilating agents in surgery. Iodine is obtained from the ash 
(varec, kelp) of various Laminariaceae and Fueaceae, and formerly soda was simi- 
larly obtained. Many Laminarias are rich in mannltk (e g. Laminaria saccharina ), 
and are used in its production, and also as an article of food by the Chinese and 
Japanese. 

Class IX 

Rhodophyeeae (Red Algae) ( J » ll » 28 > 40 » 50 ) 

The Rhodophyeeae or Florideae are usually red or violet; sometimes, 
however, they have a dark purple or reddish-brown colour. Their 
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chromatophores, which are flat, discoid, oval, or irregular-shaped bodies, 
contain a red pigment, phycoerythrin, and in some cases a blue pig- 
ment (phycocyan) in addition. 

True starch is never formed as a product of assimilation, its place being taken 
by other substances, very frequently, for example, by Floridean starch, in the form 
of spherical stratified grains which stain red with iodine ; this is more closely 
allied to glycogen than to starch. Oil-drops also occur. Practically all the 
Rhodophyceae are autotrophic, but a few species are without chromatophores and 


Fio. 306. — Chondru .< (A nat. size.) 

live as parasites on other Algae. An example is Ilarveyella mirabilis ( 50 ), which 
occurs as small cushion-like growths on Ixhodoinela subfusca in the North Sea. 

With few exceptions ( e.g . JBatrachospermum) the Rhodophyceae 
are marine. They are attached by special growths of filaments or by 
discoid holdfasts. The thallus of the Red Algae exhibits a great 
variety of forms. 

The simplest forms are represented by branched filaments consisting of single 
rows of cells {e.g. Callithamnion ). In many forms the thallus i3 flattened and 
ribbon-like {e. g. Chondrus crispus, Fig. 366 ; dig<irtina mamillosa, Fig. 367 ) ; while 
in other species it consists of expanded cell-surfaces, attached to a substratum. 
One of the more complicated forms is Dclcsseria {Hydrol(i}xtthum) sanguined 
(Fig. 86), which occurs on the coasts of the Atlantic. The leaf-like thallus, which 
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springs from an attaching disc, is provided with mid-ribs and lateral ribs. In the 
autumn the wing-like expansions of the thallus are lost, but the main ribs persist 

and give rise to new leaf-like branches in 
the succeeding spring. The thalli of the 
Corallinaceae, which have the form of 
branch-systems or of flattened or tuber - 
culate incrustations, are especially charac- 
terised by their coral -like appearance, 
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The sexual reproduction is oogamous, the female gametangium, which 
is termed a CARPOGONIUM, having a long, slender receptive organ, the 
trichogyne (Fig. 369). On fertilisation the zygote germinates at 
once in a characteristic fashion without leaving the earpogonium; it 
develops sporogenous filaments which produce the asexual spores. 

There is extraordinary variety in the details of the reproduction. 
Without attempting a description of the various orders some charac- 
teristic examples may be described. 

Balraehospermum moniliforme, which occurs attached to stones in mountain 
streams, has a brownish or dark violet thallus enveloped in mucilage and consists 
of verticillatelyibranched filaments (Fig. 372). The antheridia (Fig. 368) are pro- 
duced, usually in pairs, at the ends of the radiating branches. Each antheridium 
consists of one cell, the protoplast of which produces a single spherical, colourless, 
naked, male gamete. Since it has no cilia it is not termed a spermatozoid but 
a spermatium. The female oahpogonia are similarly placed at the ends of 
branches near the antheridia. They consist of an elongated cell with a basal 
flask-shaped portion and a club-shaped upper continuation ; this upper region, 
which in most Red Algae is elongated and slender, is termed the trichogyne. 
The nucleus of the egg is situated in the basal swollen region. The non-motile 
spermatium is carried passively by the movement of the water to the trichogyne, 
to which it adheres ; it then surrounds itself with a cell -wall, and its contents 
pass through an opening into the earpogonium. 

After the fusion of the male and female nuclei the basal portion of the carpo- 
gonium enclosing the fusion-nucleus becomes separated by a wall from the 
trichogyne. No oospore is formed, but from the sides of the basal portion of the 
earpogonium branched filaments of cells, the sporogenous filaments, grow out. 
At the same time, by the development of outgrowths from the cells below the 
earpogonium, the sporogenous filaments are enclosed, the whole structure being 
termed a cystocarp (Fig. 369 D), In the swollen ends of the sporogenous 
filaments spherical spores (carposporks), each with one nucleus and a chromato- 
phore, are produced. They are extruded from the cells as spherical, naked, non- 
motile structures. The carpospores are asexual spores; they grow into a pro- 
tonema-like structure, which may reproduce vegetatively by monospores, and upon 
this the shoots of the sexual Batrachospcrmum plant arise later. 

There is thus a regular alternation of generations between the gametophyte 
( Batrachosjtermum plant) and a carposporophyie, consisting of the sporogenous 
filaments forming the carpospores. The sporophyte does not, however, constitute a 
distinct plant but remains attached to the gametophyte. 

These relations cannot be regarded as strictly homologous with the alternation 
of generations of the Brown Algae, since the reduction-division occurs in a 
different place. It takes place not at the formation of the carpospores but on the 
first division of the fertilised nucleus of the egg. The carposporophyte is 
therefore, like the gametophyte, haploid and the diplophase is restricted to the 
zygote (Fig. 372). 

The relations that have been described for Batrachospermum hold also for the 
marine alga Nemalion and some other genera. 

Dudrcsnaya coccinea , which is found on the warmer coasts of Europe, has a 
branched, cylindrical thallus and will serve as an example of the more complicated 
mode of origin of the spore-bearing generation (Fig. 370). The earpogonium 
which is borne on a short branch bears a very long trichogyne. After fertilisation 
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the carpogonial cell grows out into filaments, which elongate and become branched ; 

these fuse with a number of special cells, characterised by their abundant 
contents, the auxiliary cells. The successive fusions with auxiliary 
cells do not involve nuclear fusions, but simply serve to nourish the 
sporogenous filament. Two outgrowths now arise from each of the 
swollen cells of the sporogenous filament which fused with auxiliary 
cells. By further division of these outgrowths the spherical masses of 
carpospores, which subsequently become free, are derived. 

The life-history in some other genera (e g. Polysiphonia , Delesseria , 
Rhodomcla , etc.) is more complicated than in the examples so far 
considered. In them the carpospore does not give rise to a gameto- 
phyte but to a plant which, though it completely resembles the sexual 
plant in habit, does not bear sexual organs but reproduces by means 
of asexual spores ; these are always borne in a tetrasporangium 
containing four tetraspores. It is these tetraspores which on 
germination give rise to a gametophyte, so that in these cases three 
generations succeed one another in the life-history : gametophyte, 
carposporophyte, tetrasporophyte. The reduction-division does not 
occur in the division of the nucleus of the zygote but in the 



B 


Fin. 370 .—Dudresnaya, A, The fertilised carpogonium with spermatiafa) attached to the triehogyne 
(t) has grown out to sporogenous filaments; branching of the filament and fusion with 
six auxiliary cells (cq-ag) ; the cells ctyOQ are borne on branches originating from the axis ha. 
B, Ripe cluster of carpospores originating from one branch. ( A after Oltmanns ; li after 
Bornkt. x about 250.) 


tetrasporangium at the formation of the tetraspores. The two sporophyte genera- 
tions are thus diploid (as in the Brown Algae), while the gametophyte is haploid 
(Fig. 372). 



mv. i 


THALLOPHYTA 


427 


These examples do not give a complete idea of the variety in the reproductive 
processes in the Red Algae. 

The phylogenetic position of the Rhodophyceae is still quite 
obscure. The majority of systematists incline to a derivation from 
the Chlorophyceae by way of Coleochaete. 

Red Algae (Coral linaceae) arc known with certainty from the Cretaceous period ; 
from earlier formations, back to the Ordovician, impressions of non-calcified, 
Delcsseria- like forms are known. 

Economic Uses. — Gigarhna mamilhsa (Fig. 365), with peg -like cystocarps 
2-5 mm. in length, and Chonclrus crispus (Fig. 364), with oval cystocarps about 
2 mm. long, sunk in the thallus and tetraspores in groups on the terminal segments 
of the thallus. Both forms occur in the North Sea as purplish-red or purplish- 
brown Algae ; when dried they have a 
light yellow colour, and furnish the official 
carragheen, “ Irish Moss,” used in the 
preparation of jelly. Agar-agar, which 
is used for a similar purpose, is obtained 
from various Florideae ; Sphacrococcus 
( Gracilaria ) lichenoides supplies the Agar 
of Ceylon (also called Fueus amylaceus), 

Euchcumu spinosiun, the Agar of Ja\a and 
Macassar, and species of Gelidium, the 
Agar of Japan. 

Survey of the Alg*ae 

The Algae are a group of organisms 
which connect on to the Flagellatae by Fm. 371.— Callithamn urn wymbosum. A, Closed 
their simplest forms and have developed sporangium; li, empty sporangium with 
. . , foui extruded tetraspores. (After Thu ret.) 

polyphyletically in several main series to 

highly differentiated plants (Fig. 531). The case for the connection of the Green 
Algae with the Flagellates is clear; only the Charales arc isolated from the lest 
of the group. In the Brown Algae, where unicellular forms aie wanting, the 
connection with the Flagellatae is somew’hat less certain, and, on our present 
knowledge, the Red Algae still occupy an isolated position. 

The Red Algae and especially the Brown Algae attain a higher organisation of 
the thallus than do the Green Algae. They are further more highly organised in 
having a regular alternation of generations which is still lacking in the Green 
Algae. 

Only a relatively small number of simply organised algae lead a terrestrial life, 
though a number of littoral marine forms are exposed to the air at low tide. The 
remaining algae, including the majority of those that are most highly differentiated, 
arc completely submerged ; this is evidently connected with the absence of special 
tissues for the conduction of water in the plant. They occur in fresh water and 
in the sea. While some kinds (r.g Ulm) can establish themselves in brackish 
water, most marine forms become dwarfed when the water is less salt, and 
ultimately, as the freshness of the "water increases, disappear. Thus in the 
western portion of the Baltic, Laminaria still occurs in the form of dwarf plants 
while it is wanting altogether in the eastern portion. Fuats on the other hand 
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grows luxuriantly in the former region, and still occurs in the region where 
Laminaria is unable to exist, but only in the form of dwarf plants which do not 
bear reproductive organs. 

A stratified arrangement is evident in the occurrence of the various groups of 
Algae when the water is of considerable depth. The Green Algae almost without 
exception occupy positions near the surface, they are succeeded by the Brown 
Algae, while the Red Algae inhabit the deepest zone down to 120 metres. This 
distribution agrees with the theory of Engelmann that water absorbs the red rays 
more strongly than the green and blue rays. Thus in the deeper parts the prevailing 
light is that of short wave-length, which is complementary to the colour of the 
Red Algae and can be utilised by them, but not by the Green Algae, in assimilation. 
At the same time the intensity of the illumination is weakened so that according 
to Oi/tmanns the algae of the deeper regions are shade-plants, which can assimilate 
in light of less intensity than that required by the forms growing near the surface. 
This explains why Red Algae occupy the more shaded positions in pools, clefts, etc. 
As in the case of every rule there are exceptions ; some Red Algae, especially the 
Corallinaceae of tropical seas but also some forms in our own seas, inhabit situations 
exposed to direct sunlight. 

Some of the lower Chloropliyceae can be artificially grown in pure culture 
and can even be cultivated on solid substrata. The cultivation of Brown and Red 
Algae is still a matter of great difficulty. Among the lower forms some can utilise 
organic food materials to a certain extent. 


Class X 

Myxomyeetes (Slime Fungi) ( l > 13 > 14 > 15 ) 

The Myxomyeetes, which have no chlorophyll, lead again to the 
consideration of primitive, phylogenetically ancient organisms. In the 
vegetative condition they con- 
sist of naked amoeboid masses 
of protoplasm, with animal 
nutrition ; from these, follow- 
ing on a sexual process, 
enclosed sporangia containing 
asexual spores are developed. 

The development of Myxomyeetes 
proceeds in the following way. The 
germination of the spores (Fig. 375, 

Chondriodcrma ) takes place in water 
or on a wet substratum. The 

protoplast, on escaping from the Plo . 373.--.Ripe fructifications, after disclose of the 
spore, develops a flagellum or spores. A, Stemonitis futm (x 10); B, Arcyria 

cilium as an organ of motion, being punicea (x 12); C, Cribraria rufa (x 82). 

converted into a swakm - srouE 

which resembles certain Flagellata, with a cell-nucleus in its anterior or ciliated 
end, and a contractile vacuole in the posterior end of its body, but no chromato- 
phores. The nutrition is saprophytic. 
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In some species the swarm-spores can increase in number by fission. Eventually 
the cilium is drawn in, and the swarm-spore becomes transformed into a myxamoeba 
(Fig. 375); these have the capacity of multiplication by division (Fig. 376 A , B). 
In conditions unfavourable for their development they surround themselves with 



Fig. SU.~Trich.ia varia. A, Closed and open sporangia (x 6); Ji, a tibre of the capillitium 
(x 240); C, spores (x 240). D, Leocarpus fragilis. Groups of sporangia upon a Moss. 
(Nat. size.) 


walls, and as microcysts pass into a state of rest, from which, under favourable 
conditions, they again emerge as swarm-spores. 

The uninucleate myxamokbak fuse ( 14 ) in pairs, their haploid nuclei 
uniting (Fig. 376, C). The diploid amoebozygotes, which have in this way 
arisen by a sexual process, do not become resting spores but continue to exist 

as naked protoplasts. They unite in 
numbers to form larger multinucleate 
Plasmodia (Fig. 4), the nuclei of 
which increase in number by repeated 
mitotic division. 

The plasmodia can take up Bacteria 
and other solid nutritive particles and 
digest them in vacuoles (Fig. 376, D). 
Aa a reserve material they form 
glycogen, not starch. They occur 
especially on the soil of woods, on fallen 
leaves and in decaying wood, where 
they creep about exhibiting continual 
change of form. They reach situations 
favourable to their nutrition by means 
of their chemotactic, hydrotactic and negatively phototactic movements. The 
plasmodia of some species (e.g. Fuligo variant = A ethalium septicum , Flowers of 
Tan) may reach a diameter of over 30 cm. If exposed to desiccation some 
plasmodia pass into a resting state and become converted into spherical or strand- 
like sclerotia, from which a plasmodium is again produced on a return of moist 




d 

Flo. 875 . — Chondrioderma diffurme. a, Dry spore ; 
6, spore showing escaping contents ; c, swarm- 
spore ; d, myxamoeba. Cf. Fig. 4. (x 540. 
After Strasburger.) 


conditions. 

The sporangia are formed from the plasmodia. The plasmodium changes its 
irritability, creeping from the moist substratum and towards the light. It loses 
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a considerable amount of water and is transformed into numerous fructifications. 
Each of these has a iirm peripheral investment i j>ii’m), which often con- 
tains lime, and numerous uninucleate spores. The spores have firm cell-walls 
that do not however consist, as is common in the Fungi, of chitin. The division 
immediately preceding spore-formation is a reduction-division, so that the spores 
are haploid. 

In many genera a < \riu.rmJM is also present (Figs. 373 A , B, 374 A , B), which 
arises from coagulating protoplasm between the spores and has the form of fine 
tubes or threads that are either free or reticulately connected. When the fructifica- 
tion is ripe the peridium ruptures, the capillitium loosens out and expands, and 
the spores are distributed by means of its hygroscopic movements and the w r ind. 
The genus Ceralioinywa is in a 
sense simpler, since its fructi- 
fications have no peridium but 
bear the spores on short pedicels 
projecting from the surface. 

The structure and nature of 
the sporangia afford the most 
convenient means of distinguish- 
ing the different genera. The 
usually brown or yellow spor- 
angia are spherical, oval, or 
cylindrical, stalked (Figs. 373, 

374 J)) f or not stalked (Fig. 

374 A). They usually open by 
the rupture of the upper portion 
of the sporangial walls, the 
lower portion persisting as a 
cup (Figs. 373 B , 374 A). In 
Cribraria (Fig. 373 C) the upper 
part of the wall of the spor- 
angium, which contains no 
capillitium, becomes perforated 
in a sieve-like manner. In 
Stcnionitis (Fig. 373 A) the 
whole peridium falls to pieces, 
and the capillitium is attached 
the stalk. In Fuligo variant numerous sporangia are united to form a single cake- 
like brown fructification. 

The Myxomycetes are phylogenetically very primitive organisms, 
the swarm-spores and myxamoebae of which show connections with 
colourless Flagellatae, or more probably with Rhizopoda. 

Classes XI and XII 
Fungi 

The Fungi are plants which have true nuclei but no chromato- 
phouks. I n the simplest families their thallus is naked and sometimes 
amoeboid ; in all the more highly organised forms the cells are pro- 



Fio. Z’id.— Phititannn Aider monies. A, B, Amoebae in 
process of division; <\ conjugation of two haploid 
amoebae ; kk, the two uniting nuclei ; D, binucleate 
plasmodium with a haploid amoeba enclosed in a 
digestive vacuole ; E , plasmodium with six dividing 
nuclei (k{) ami with digestive vacuoles. (After Jahn.) 

to a columella, which forms a continuation of 
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vided with a cell-wall which usually gives the reactions of chitin, but 
in some few cases of cellulose. The vegetative body may be unbranched 
or branched (Fig. 83), and may be unicellular or multicellular (septate). 
The individual filaments of a fungus are termed hyphae, while collect- 
ively they are spoken of as the mycelium. 

Some mycelia can survive unfavourable periods by the transformation of single 
cells of their hyphae into thick -vailed resting -cells (gemmae); or tuberous 
associations of hyphae, so-called sclkkotia, may be formed. 

Asexual reproduction is effected by means of various kinds of 
spores. In forms living in water these may be naked, ciliated swarm- 
spores ; in those inhabiting the land the spores have cell-walls and 
may be endogenous or exogenous in origin. Sexual reproduction 
takes place by the union of gametes (isogamy and oogamy), or of 
entire gametangia (gametangy) or of two cells of the thallus that are 
not differentiated as specific sexual cells (pseudogamy). 

Fungi are saprophytic or parasitic. The majority of the sapro- 
phytes can be artificially cultivated. Glycogen and fat are widely 
distributed as reserve materials. 

The Fungi are divided into two Classes. Phycomycetes (Algal 
Fungi) and Eumycetes (Higher Fungi). 

Class XI 

Phyeomyeetes (Algal Fungi) (*• 15 > 5160 ) 

The thallus of the Phycomycetes is microscopically small and uni- 
nucleate in the lowest members of the Class ; in the higher repre- 
sentatives it is well-developed, branched and multinucleate ; with few 
exceptions in some of the highest developed forms, it is always tubular 
and without cross-septa. The diploid phase is restricted to the 
zygote. 

Order 1. Archimycetes ( 63 ) 

Olpidium brassicae , which lives as a parasite in the base of the stem of young 
Cabbage plants and causes their death, may be taken as a first example. It has 
uniciliate, oval swarm-spores which settle down on the host plant, surround them- 
selves with a cell-wall and then pass their contents into a cell of the host. The 
protoplast of the fungus is at first naked and amoeboid, but soon forms a wall and 
grows into a unicellular multinucleate sporangium, lying in the cell of the host- 
plant ; the zoosporangium forms a long projection which reaches the exterior, 
becomes mucilaginous at the tip, and gives egress to numerous uninucleate zoo- 
spores (Fig. 377). Unfavourable periods are tided over by thick-walled krstjng- 
cells which probably arise by a sexual process, as has been shown in the case of 
the related Olpidium viciae , which is parasitic on Vicia unijuga. In this the 
swarm-spores from over-ripe sporangia fuse in pairs ; the biciiiato naked zygote 
infects the host-plant in the same way as a zoospore, but forms a resting-cell 
instead of a sporangium. This, after fusion of the two sexual nuclei, germinates 
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in the following spring by forming a beak-like process from which numerous zoo- 
spores escape. The latter, according to the external conditions, behave as asexual 
or sexual cells. The life history of Synchytrium endobioticum, the cause of the 
wart disease of the Potato, is similar. It gives rise to warty growths on the 
tubers and shoots of the host ; these, which contain numerous resting-cells, later 
break down and decay. 

Plasmodiophora Irassicae ( IB ), the cause of “ Finger-and-Toes,” probably belongs 
to the Archmiycetes. This fungus has been usually placed in the Myxomycetes, but 
is distinguished from that group by the chitinous walls of its resting-cells. From 
each of these there develops a naked amoeboid protoplast ; these swarm -spores 
penetrate the basal regions of species of Brassica and live as parasites in the cells. 
The stem and roots of the host plant exhibit tuberous swellings. In some way 
not yet clearly explained (there is probably a sexual process concerned) the 

parasite forms numerous 
resting spores in the cells, 
and these are set free by 
the decay of the tissues of 
the host. 

Some members of the 
order live as spherical cells 


Fio. B7S.—Rhi:nphidiitm poll in is. 
Zoosporangium on a pollen- 
grain. (After Zopf.) 




Fio. 877 . — Olpidiutn lirassiave. A, Tluee roosporangia, the 
contents of on* of which have escaped (x ICO). />’, Zoo- 
spores (x 520). C, Resting sporangia (x 520). (After 
Woronin.) 


with a wall, on the outside of the host-plant ; an example is afforded by Rhizo- 
phidium polhnis (Fig. 378) which obtains its nourishment by means of haustoria 
from pollen-grains of Pin us that have fallen into water. Only in the highest 
members of the group (for instance, Poh/phagus cuglenae, which is paiasitic on cells 
of Euglena), is there a delicate branched mycelium which is unicellular and 
uninucleate. 

The Archimycetes are microscopically small, very simple, in part 
naked and amoeboid, less commonly filamentous fungi which live as 
parasites in the cells of other plants ; the smallest live in the nuclei 
of the cells of Amoeba. They reproduce asexually by means of uni- 
or bi-ciliate swarm-spores and, so far as our knowledge goes, the 
sexual reproduction is by ciliated gametes ; the whole vegetative 
body of the fungus is employed in the formation of the reproductive 
organ. When cell-walls are present they are composed of chitin. 

It is very doubtful whether all the forms placed in this group are 
really related to one another. Probably they belong to a number of 
developmental series that are distinct in their phylogenetic origin. 

2f 
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Order 2. Oomycetes. 

Family 1 . — Monoblepharidaceae ( 54 ). The species of Monoblepharis , composed 
of branched non-septate, niultinucleate byphae, live in water upon the decaying 
remains of plants. Asexual reproduction is effected by zoospores, which are 
formed in large numbers in club-shaped sporangia. The oogonium, which is 
usually terminal, is separated from the rest of the thallus by a transverse wall and 
contains a single uninucleate egg-cell (Fig. 379). The antheridia, similarly 
delimited by cell-walls, liberate a number of uniciliate spermatozoids ; this is the 
only case in which spermatozoids are formed in the Fungi. A spermatozoid enters 
by an opening in the oogonial wall and fertilises the egg (Fig. 379) ; this now 
usually emerges from the oogonium and becomes a thick-walled spiny oospore. 

2. ( The Saprolegniaceae ( M ), live saprophytieally on the surface of decaying 



Fig. 379 .—Monoblepharis sphaerica. a, End of a filament with an oogonium and, immediately 
beneath it, an antheridium from which the spermatozoids are escaping ; b, a spermatozoid 
has entered the apical opening of the oogonium and is fusing with the egg-cell ; c, the 
fusion completed ; d, the fertilised egg escaping from the oogonium ; e, oospore suirounded 
by a firm, spinose wall (from KNicr, after Woronin). 

plants and insects and even on living fishes. Asexual propagation is effected by 
club-shaped sporangia (Fig. 380) which produce numerous biciliate swarm-spores. 
In Saprolegnia , which is easily obtained by leaving dead flies in water, these 
swarm-spores with terminal cilia withdraw the latter and become surrounded with 
a spherical wall ; shortly afterwards, the contents again escape as bean-shaped 
zoospores with the cilia inserted laterally. These come ultimately to rest and, 
surrounding themselves with a wall, develop into a mycelium. In other genera 
there is only one type of swarm-spore. The sexual organs develop on older branches 
of the mycelium (Figs. 381, 382). The oogonia give rise to a larger or smaller 
number of egg-cells, rarely only to a single one. At first the oogonium contains 
numerous .nuclei, most of which, however, degenerate, while the oospheres become 
delimited around the remaining nuclei. The egg-cells are always uninucleate. 
The multinucleate antheiuma do not form separate male cells, but apply them- 
selves to the oogonia and send fertilising tubes to the egg-cells. One male 
nucleus enters the egg-cell and fuses with its nucleus (Figs. 381, 382). The 
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oospore after fertilisation acquires a thick wall. The reduction -division takes 
place on the germination of the oospore. In some forms the oospores develop 
parthenogenetically without being fertilised (Fig. 381 op). In Saprolegnia the 
asexual male and female organs occur on the same mycelium, their production 
being determined by changes in the nutritive conditions (cf. p. 309). Saprolegnia 
is thus monoecious ; dioecism also 
occurs in the family ( Dictyuchus 
monosporus). 

3. The Family Peronospor- 
aceae ( 56 ) includes parasitic fungi 
which all live parasitical ly in 
higher land-plants. Thus Plas- 
mopara viticola (Fig. 383) occurs 
as an intercellular fungus in 
the tissues of the leaves and 
fruits of the Vine, sending 


Fio. 380. — Snproh'ifiiin mixta. The 
biriliate zoospmvs, an* escaping 
from the sporangium. (After G. 
K l.i ms.) 


Km. 3S I. — mixta. Hypliac bearing the 
sexual organs : a, antlieridium which lias sent 
a fertilisation - tube into the oogonium; oh 
egg-eel 1 : »>-, oospore enclosed in a cell-wall ; op, 
pmthogenetic oospores; g , young oogonium. 
(After (i. Kn its.) 


haustoria (Fig. 84) into the living cells, ^ranches of the mycelium grow out 
through the stomata forming a mould -like growth visible to the naked eye, which 
consists of the branched sporangiophores (Fig. 383) ; these bear numerous zoo- 
sroitANGiA. The sporangia are shed without opening and may be carried by the 
wind to the leaves of other plants ; they there liberate their contents, which have 
in the interval undergone division, as a number of biciliate swarm-spores. I liese 
germinate to form liyphae which enter the leaf. 

The sex i a i, organs are developed from the mycelium within the host plant. 
The oogonia form as swellings of the ends of hyphae, the antheridia as tubular out- 
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growths (Fig. 384). Both organs are cut off by cell- walls and contain numerous 

nuclei. All the nuclei except one in 
the oogonium collect at the periphery 
in the so-called periplasm ; the single 
nucleus is situated at the centre of 
the large egg or oosphere, which is not 
sharply separated from the periplasm. 
The antheridium sends a process which 
opens at its tip into the oogonium and 
a single male nucleus enters the 
oosphere. The oosphere then becomes 
bounded by a wall and, after a time, 
the sexual nuclei fuse. The periplasm 
Fig. 382.— Adilya polyandrci. The fertilisation is utilised in the formation of the 


of two egg-cells, o, of an oogonium by two 
tubes from the antheridium, a ; ek, nucleus 
of the egg-cell ; sk, male-nucleus ; in o 2 
the section has not passed through the egg- 
nucleus. (After Trow.) 


outer layer of the wall of the oospore. 
The latter germinates with a reduction- 
division. 

In Albugo Bliti the oosphere con- 
tains numerous female nuclei which 


are fertilised by a corresponding number of male nuclei. The cytoplasm of 



Fig. 383 . — Plasmopara viticohi. A, Sporangiophore emerging from a stoma. To the left, oogonium 
with antheridium and oospore. ITaustoria. C, Liberation of zoospores from the zoosporangia. 
(From Gaumann after Millardkt.) 


the oosphere, including all the fusion-nuclei, forms a cell-wall, so that the result- 
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ing structure is externally like a normal oospore, but contains many diploid 
nuclei. 

In the Peronosporaeeao a sharp differentiation of the gametes in the oogonium 
is thus lacking, as is the case for the male sexual cells in all the Oomycetes, with 
the exception of the Monoblepharideae. 

The organs of asexual reproduction show an interesting adaptation to ter- 
restrial life. The most primitive members of the family ( e.y . Pythium gracile , 
parasitic on Vaucheria ) live permanently in water, and in them the zoospores escape 
from the zoosporangium without any separation of the latter from the hypha which 
bears it. On the other hand, in the forms parasitic on land-plants described above, 
the sporangia are shed. Since the escape of zoospores from these sporangia is 
dependent on moist weather a still higher adaptation is met with, for example, 


OS 
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Fio. 384.— Fertilisation of the Peronosporeae. 1, Peronospora parasitica. Young multinucleate 
oogonium (og) and antheridium (an). 2, Albugo Candida. Oogonium with the central uninucle- 
ate oosphere and the fertilising tube (a) of the antheridium which introduces the male nucleus. 
3, The same. P'ertilised egg-cell (o) surrounded by the periplasm (p ). (x 06G. After Wager.) 

in Peronospora. Here the formation of zoospores is suppressed, and the whole 
sporangium germinates by sending out a germ-tube that can infect the host-plant. 
The sporangium has thus become a conidium. In Phytophthora infestana it 
depends on the external conditions whether the sporangium germiuates by 
producing swarm-spores or by a germ-tube. 

Many widespread diseases of plants are due to the Peronosporaceae. Phyto- 
phthora ivfestans causes the Late Blight of the Fotato, a serious disease ; this can 
extend to the tubers, which become mummihed. In the middle of last century this 
disease, which was introduced from America about 1830, became so extensive in 
wet seasons as to threaten the cultivation of the Potato. Another serious disease is 
the False Mildew of the Vine caused by Plasui"paio nfuo/a, which was introduced 
from America in 1878. In moist weather this appears epidemic on the leaves, 
which are prematurely shed, and the berries are also attacked and dry up. Since 
some 200 oospores, which can resist the winter conditions, are produced between 
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the palisade cells of every square millimetre of surface of the leaves, it will be 
evident that the destruction of infected leaves in autumn is an important means of 
combating the disease. Recently a disease due to Pcronospora has appeared on the 
Hop. First observed in Germany in 1923, it caused in 1926 in Bavaria alone, 
damage to the extent of 30 million gold marks. All these diseases spread as 
epidemics in wet weather, which favours the germination of the sporangia or 
conidia. In a particular case it has been estimated that 3 million sporangia were 
produced from each square centimetre of the leaf. They can be treated with good 
results by spraying the leaves with Bordeaux Mixture (a solution of copper 

sulphate and slaked lime), which hinders 
the germination of the sporangia. 


From what has been stated, it 
will be evident that theOomycetes 
are filamentous, non - septate, 
branched, multinucleate fungi, 
which live as parasites or sapro- 
phytes. Their cell - walls give 
the reactions of cellulose. Those 
that inhabit the water (Mono- 
blepharideae, Saprolegniaceae) re- 


Fi<;. 38o . — Rhizopus nigricans. Portion of 
the mycelium with three sporangia ; that 
to the right is shedding its spores and 
shows the persistent hemispherical colu- 
mella. (x 38.) 


Fro. 386 . — Sporodinia grandis. Median section 
of a ripe sporangium. The spores are 
multinucleate. ( X 425. After Harper.) 


produce asexually by ciliated zoospores ; this method is replaced 
in the land-forms (Peronosporeae) by the distribution of entire 
sporangia or conidia. The sexual reproduction is oogamous. In 
the lowest representatives ( Monoblepharis ) the egg-cells are fertilised 
by motile spermatozoids ; in all others the differentiation of male 
gametes is suppressed. Their function is taken over by male nuclei, 
which are carried from the antheridium to the oosphere by a fertilisa- 
tion-tube. Further, the eggs are not always completely differentiated. 
In place of them in extreme cases a large number of female nuclei are 
present in the central portion of the ooplasm. After these have 
been fertilised by a corresponding number of male nuclei, the whole 
structure is surrounded by a cell-wall to form a multinuclear zygote. 



DIV. I 


THALLOPHYTA 


439 


Order 3. Zygomycetes. 

1. The Mucoraceae ( 57 ) is a Family of terrestrial mould-fungi, which are for the 
most part saprophytic on vegetable or animal substances ; less commonly they live 
as parasites. 

One of the most widely distributed species is Mucor mucedo , the richly branched, 
non-septate mycelium of which forms a white fur-like growth on dung, bread, etc. 
From the nutritive hyphae in the substratum there arise vertically-growing 
branches, the sporangiophores, each of which bears a spherical sporangium ; this 
is separated from the sporangiophore by a transverse wall which later bulges into 
the sporangial cavity forming the so-called columella (Figs. *385, 387). The 
multinucleate protoplasm of the sporangium becomes divided by repeated cleavages 
to form numerous multinucleate spores, each of which is surrounded by a cell-wall. 
These escape by the swelling of a substance which lies between the spores and the 
consequent breaking up of the sporangial wall (Fig. 387). The spores may germinate 



Fie. 387. — 1, Mucor Mucedo. A sporangium in optical longitudinal section ; c, columella ; m, wall 
of sporangium ; sp, spores. 2, Mucor mucilagineus. A sporangium shedding its spores ; the 
wall (m) is ruptured, and the mucilaginous substance (z) between the spores is greatly swollen. 

( 1 , x 225 ; 2, x 300, from v. Tavel, Pilze. After Brefeld.) 

at once, or later, for they remain for a long time capable of germination, to form 
a new mycelium. There appears to be no limit to ’the continuance of this by 
asexual reproduction. 

Mucor Mucedo is, as was first discovered by Blakeslee, dioecious ; sexual re- 
production only takes place when two mycelia of different sex meet ( 57a ). Since the 
sexual differentiation is entirely physiological and not in addition morphological, 
the two mycelia are distinguished as + and -. These form club-shaped branches, 
the ends of which come in contact owing to chemotropic influences, whereupon each 
cuts off a multinucleate gametangium by a transverse wall ; the gametangia are 
alike in form (Fig. 388, 1, 2). Gametes are not differentiated within these, but 
the + and - gametangia fuse to produce a zygospore with wart-like thickenings 
of the wall (Fig. 388, 4). Within this, the nuclei of distinct sexes are associated 
together and fuse in pairs. The reduction-division, with the determination of the 
sex of the nuclei, occurs in the germination, which takes place after a resting period. 

In the germination of the zygote of most Mucoraceae, a sporangium is usually 
at once formed (Fig. 388, 5). The spores of this primary sporangium are generally 
(unlike those of the ordinary sporangia) uninucleate, so that some of them are + 
and others - . 

The sexual processes iti the other Mucoraceae are similar, though there are 
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differences in details. Thus some species ( e.g . Sporodinia grandis) have no sexual 
distinction but are monoecious ; in other forms (e.g. Absidia ) the gametangia are 


Fig. 388 .—Mucor Mucedo. Different stages in the 
formation and germination of The zygospore. 
J, Two conjugating branches in contact ; 2, 
septation of the gametangia ( g ) from the 
susj)ensors (ft); 3, more advanced stage, the 
gametangia (a) are still distinct from one 
another: the warty thickenings of their walls 
have commenced to form ; 4, ripe zygospore (//) 
between the suspensors (a); 5, germinating 
zygospore with a germ-tube bearing a sporan- 
gium. (1-4, x 225 ; 5, x circa 60, from v. Tavel 
Pilzt. After Brefeld.) 



of different sizes, so that they can be distinguished as male and female. 

The sporangia also are not always so typically constructed as in Mucor Mucedo. 
There are forms (e.g. Thamnidium elegans) in which, in addition to normal 

sporangia with many spores, 

there are others with a small 

number of spores, and even with 
only one, so that they become 
conidia. Some (e.g. Chaeto- 

cladium) have only conidia. 

The species of Pilobolus have 
a peculiar method of spore- 
distribution. The whole spor- 
angium is forcibly shot to a 
distance, that may amount to 
2 metres, by means of the 

bursting of the highly turges- 



Fig. 38 V.—Empusa muscae. J, Ilypha 
from the body of a fly. B, Young 
conidioplinre arising from a hypha 
projecting from the body of the 
insect. C\ Formation of the coni- 
dium into which t lit* numerous 
nuclei have passed from the coni- 
diopliore. (x 450. After Olive.) 


cent sporangiophore. This ruptures just below the columella. 

The sporangiophores of the majority of the Mucoraceae, especially those of 
Phycomyces nitens , are very sensitive phototropically. 

Rhizopus nigricans (Fig. 385) with a brown mycelium with a creeping, runner- 
like growth, contains in its cell-sap substances that render it a fatal poison to 
animals ( 58 ). 

2. The best-known example of the Entomophthoraceae ( C1) ) is Pmgusa muscae 
(Fig. 389). Its multinucleate conidia are homologous with tlie sporangia of the 
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Mucoraceae. The conidium gives rise to a germ-tube which penetrates the body 
of a fly and there develops to a parasitic mycelium, which leads to the death of the 
insect. From the dead body of the fly, which is often attached to a pane of glass, 
innumerable conidiophores project and forcibly abstrict conidia, which appear as 
a white halo on the glass around the insect. While sexual reproduction appears 
to be wanting in Empusa muscat , it is found in other species of the genus and in 
other Entomophthoreae ( Entomophthora , Conidiobolus) ; the conjugation of multi- 
nucleate gametangia resembles the process in the Mucoraceae. Only in Endogonc 
does fusion occur between a single male and a female nucleus. 

The mycelium of the Entomophthoreae is to begin with unicellular, but sooner 
or later becomes multicellular by the formation of transverse walls. In Basidio- 
bolus ( 60 ) the mycelium is septate from germination onwards ; B. ranarum occurs 
in the alimentary canal and on the excrement of frogs. 

The Zygomycetes are mostly saprophytic fungi with a much- 
branched mycelium. This is non-septate and multi nucleate in the 
Mucoraceae, but septate in the Basidiobolaceae ; the cell-walls are 
composed of chitin. The asexual reproduction is adapted to terres- 
trial conditions, though in a somewhat different way from that found 
in the Oomycetes. In the latter the whole sporangium was separated, 
and gave rise to zoospores at the place where it germinated. In the 
Zygomycetes it is the zoospores themselves that are transformed into 
resistant structures enclosed by cell-walls and capable of being trans- 
ported by the air. On the other hand, the progressive reduction of 
a sporangium to a conidium is met with in the Zygomycetes as well 
as in the Oomycetes. In the process of sexual reproduction gametes 
are never formed; conjugation always takes place between entire 
multinucleate gametangia, which are usually alike, to form a multi- 
nucleate zygote. 


The phylogeny of the Phycomycetes is still obscure. 

The name Algal Fungi is based on the resemblance in structure of the thallus 
and in the sexual organs which many Oomycetes show to certain Clilorophyceae 
(Siphonales) ; the Oomycetes have been regarded as Algae which have become 
colourless. The Archimycetes on this view would be reduced forms. It is 
possible, however, to regard the Archimycetes as rotated to the Myxomvcetes and 
Flagollatae, and to derive the Phycomycetes from them with Pohjphagus as a 
connecting link. It is doubtful, howe\er, whether this indicates a real relation- 
ship. 

It is very probable that the Phycomycetes are a heterogeneous and 
artificial group, which will in the future be broken up. On this view 
the Phycomycetes would be poly pliyle tic. 


Key to the Orders of Phycomycetes (with few exceptions Fungi with a non- 
septate mycelium) : 

Archimycetes : Parasites ; usually naked, rarely provided w r ith a chitinous celh 
wall ; rarely filamentous ; with zoospores and planogametes. 
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Oomyceles : Mycelium, filamentous, branched, non-septate with a cellulose wall ; 
zoosporangia, or asexual reproductive organs derived from these ; oogamy ; 
mainly parasites. 

Zygomycetes: Filamentous, almost always non-septate mycelium, with wall com- 
posed of chitin ; no zoospores ; sexual reproduction by the conjugation of 
multinucleate gametangia ; saprophytes or parasites. 

Class Nil 

Eumycetes. (Higher Fungi) (*’ 7 > 51 » 52 > C1 " 8G ) 

The Eumycetes are terrestrial fungi and, with the exception of 
certain reduced groups, have a richly branched mycelium composed of 

septate hyphae with chitinous walls. The 
asexual spores, according to the Sub- 
Class, are developed within asci or on 
basidia. The ascus is characteristic of all 
Ascomycetes ; it is a tubular sporangium, 
which gives rise endogenously, by free 
cell-formation, to a definite number of 
spores (usually eight) (Fig. 390). The 
more or less club-shaped basidium of 
Basidiomycetes abstricts exogenously a 
definite number of spores (usually four) 
(Fig. 412). Both in the ascus and the 
basidium there is a fusion of two nuclei, 
followed by a reduction-division before 
spore-formation. 

Asci and basidia are usually developed 
in special fructifications composed of inter- 
woven hyphae (plectenchyma, Fig. 36). 
They usually form a definite layer, the hy- 
menium, in which they stand side by side. 
Fio. 390. Portion of the hymenium Conidia, formed without any relation 

nf fi eer'ulp-ntn ft Acism • * 

p , paraphyses ; sh, subhymeniai to a reduction-division, occur as accessory 
tissue. ( x 240. After stras- means of reproduction, especially in the 
burger.) Ascomycetes. 

Sub-Class I. — Ascomycetes ( 1 > 7 > 51 > 62 > 6174 > 89 > °°) 

A. Protoascomycetes ( 0Ja ) 

As an example of a lowly organised Ascomycete, Eremascus fertilis , which was 
found on opening a pot of jelly, may be taken. It belongs to the Order Endo- 
mycetales. Its multinucleate hyphae form uninucleate beak-like branches which 
fuse with one another by their summits (Fig. 391 1), the two sexual nuclei 
fusing (391 3). The region connecting the two sexual branches in which the 
fusion nucleus lies is now delimited by transverse walls and enlarges to form a 
spherical structure. The diploid fusion-nucleus divides, with reduction in the 
number of chromosomes, to give rise to eight haploid nuclei which become sur- 
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rounded by protoplasm and cell- walls and transformed into eight spores (Fig. 391 4). 
Thus, in this case, an eight-spored ascus arises directly from the zygote. In 
related genera there is a fusion of multinucleate gametangia. 

In some species of Endumyccs the mycelium readily breaks up into chains of 
conidia, and this forms a connection with the family Saccharomycetes ( 73 ), Yeast- 
fungi. Only a few species 
( Saccharomyces L udwigii) 
are able, under special 
nutritive conditions, to 
still form true hyphae. 

The majority are uni- 
cellular, the spherical, 
oval, or cylindrical cells 
being uninucleate and 
multiplying by a process 
of BUDDING (Fig. 392, 
cf. p. 25). Sexual re- 
production has been ob- 
served in Schi~osaccharo- 
myces and some other 
genera ; two cells con- 
jugate and form an ascus 
which at first contains 
the diploid fusion-nucleus Kio. 391 . — Ercmascus fcrtilis. 1, 2, Conjugation; 3, Delimitation of 
(Fig. 393). In this, as a the zygote by cell-walls, the nuclei having fused to give the 

result of nuclear division diploid fusion-nucleus; 4, Mature ascus with eight young 

• ti v i i ’ spores. (After (jUii.liermond, from Kniep.) 

eight haploid spores are 1 v ' 

developed and they be- 
come free by the rupture of the wall of the ascus. The spore germinates to 
form a vegetative cell which buds. In many Yeasts the ascus contains only four 
spores, which in most cases (Saccharomyces cerevisiae f S. ellipsoideus) arise partheno- 

genetically, without previous con- 
j ugation, in th e haploid cell. Spore- 
prod uction may be wanting (asporo- 
genous yeasts). 

The Yeasts are thus a 
family of fungi which shows 
K„.. great reduction both as regards 

v vast - rrll Inuldin ; IK uscus with tom the vegetative structure and 

11 ’ • Att. i cm i ikhmom*.) the sexua l reproduction. 

Yeast fungi occur on fruits, in mucilag ; nous exudations and similar situations 
in Nature, and give rise to alcoholic fermentation of sugary solutions (p. 271). 
The Wine-yeast ( Saccharomyces ellipsoideus) passes the winter in the soil in the 
form of spores and then t eaches the surface of the grapes and need not be added to 
the grape-juice. The Beer -yeast ( Saccharomyces cererisiue) is only known in the 
cultivated form. Both species occur in a number of distinct races, which are 
grown in pun* cultures and employed in fermentations. Most yeasts are colourless 
but some kinds have a red colour. 

It is characteristic of all Protoascomycetes, as has been seen in 
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the examples described, that the ascus is formed directly from the 
zygote. Neither fructifications nor other complications appear on the 
simple mycelium. 


B. Euaseomycetes 

As a typical example of the method of reproduction ( 61 » 60 ) of the 
Euaseomycetes, Pyronema confluens may in the first instance be de- 
scribed. This fungus occurs on the old sites of fires in woods, where 
it forms pink lens-shaped fructifications a few millimetres in diameter. 
In the development of a fructification the terminal cells of certain 
branched hyphae enlarge to form spherical multinucleate structures 
which are the female gametangia or ascogonia ; each ASCOGONIUM 
bears at its summit an elongated, curved, multinucleate papilla, 
termed the trichogyne. In the immediate neighbourhood of the 
ascogonia and from the same hyphae club-shaped multinucleate 
antheridia are developed. The sexual organs thus arise in groups 
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Fio. 393 . — Schizosaecharomyces octosporus. 2, beginning of conjugation; 8, fusion 
of nuclei; 4, diploid nucleus in the ascus; 5, ascus with eight spores. (After 
Guilliermond, from Galmann.) 

(Fig. 394 A). The tip of the trichogyne becomes applied to the 
antheridium, and an opening forms between them. The nuclei of the 
trichogyne degenerate, while the male nuclei pass by way of the 
trichogyne into the ascogonium ; the separating wall breaks down to 
allow of this and is again formed. There are now in the ascogonium 
numerous female and numerous male nuclei, and these become associ- 
ated in pairs but do not fuse (C). A number of outgrowths now arise 
from the ascogonium and form the ASCOGKNOUS HYPHAE into which the 
pairs of nuclei pass. The ascogenous hyphae grow and branch, and 
the pairs of nuclei increase in number by conjugate division, i.e. 
simultaneous division of the male and female nuclei of the pair. 
Cell- walls form, giving rise to cells each of which contains two nuclei 
of unlike sex. An ascus is formed from each of the terminal cells of 
the branches in the following way. The tip of the cell curves back- 
wards to form a stalked hook (Fig. 395 A) and the pair of nuclei 
undergo conjugate division ; two nuclei of different sex remain near 
the summit, while one nucleus passes into the tip of the hook and 
and another into the stalk ( s ). The stalk and tip are cut off from the 
summit of the hook by cross-walls, giving a three-celled structure 
(Fig. 395 B) composed of two uninucleate and one binucleate cell. 
The latter is the young ascus, and in it at last nuclear fusion takes 
place, the cell enlarging as a uninucleate diploid ascus ( C ). There 
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are now formed by three successive divisions, in which reduction takes 
place, eight nuclei, and around these by free cell-formation (p. 25) the 



Flu. 3iM.~ I'urotH'mu vnufitims. A , Wry young apothecinm ; oogonia, with trichogyncs (0; a 
antl».*i i.lia ( 4 < >). 7.’, Fusion of tin. 1 antlu'iidiuni with tlu* tip of the trichogyne (x :H)0). C, 

The association in pairs of the male ami female nuclei in the oogonium, which is cut trans- 
versely (x 1 00< i). />, Passage of the paired nuclei into the ascogenous hyphae ( x 1000). E, Young 
apothecium. The ascogenous hyphae springing .rom the oogonia have branched and are invested 
by sterile hyphae ( x 450). (B after Harper. A, C, D, E after Clausskk.) 

In this process all the protoplasm is not used up, so that the spores lie em- 
bedded in the remaining periplasm in the ascus. 

Meanwhile the hook-cell has fused with the stalk-cell and passed 
its nucleus into the hitter. This reconstitutes a binucleate, cell from 
which another ascus can originate. In this way clusters of asci may 
arise at the end of an ascogenous branch. 


446 


BOTANY 


PART II 


Even at the period of the union of the sexual organs the) .no sunounded by a 
loose investment of haploid, investing hyphae (Fig, 391 J>) These increase as the 
ascogenous hyphae are growing (Fig. 394 E) and form the fnictitie.ition. The 
sterile hyphae give off branches which, as the par vpii\ sen (Fig. 360), form along 
with the asci a superficial layer called the hymknium (Fig. 403). The ascospores, 
on the opening of the ascus at its tip, are actively ejected by the swelling of the 
periplasm ; they are then carried by currents of air and give rise to new plants ( (i4 ). 


The characteristic feature of this process is that nuclear-fusion 
does not at once follow the conjugation of the gametangia. The 
fusion of the protoplasm and the nuclear-fusion are here widely 
separated from one another, both in space and time, by the stage with 
conjugate nuclei. 


There are many deviations from the type of life-history just described ( t5 “* 6, )> 
and these will be mentioned, where necessary, in the succeeding description of the 

Orders. In some Families sexuality is almost 
or completely lost, so that the asci are pro- 
duced without any preceding fertilisation. 
Some species ( e.g . Penicillium luteum , 
Ascobolus magnijicus) are dioecious, the 
antheridia and ascogonia being produced on 
sexually different mycelia. 

The form of the fructifications is 
of great importance in distinguishing 
the Orders of Ascomycetes. 

Order 1. Plectascales ( 6d * 67 ) 

These have closed spherical fructi- 



Fio. 395.— Development of the Ascus. A-(J, 
Pyrnnnna eonfluens. (After Harper.) 
It, Young ascus of Boudiera with eight 
spores. (After Claussen.) Explanation 
in text. 


FIOA HONS. 

The best known representatives are two 
common moulds, Aspergillus herbariorum 
and Penicillium crustaceum. They occur 
on the most various organic substrata such 
as bread, fruits, leather, cheese ( Penicillium lloquefortii occurs in Roquefort 
cheese). The white mycelium bears closely crowded short conidiopliores \% ith 
bluish-green conidia. In Aspergillus (Fig. 396) the end of the conidiophore is 
swollen and bears short sterigmata radiating on all sides from the spherical sur- 
face ; from these sterigmata bead-like rows of conidia (e) are abstricted. The 
spores of Penicillium are in similar rows but arise on branched conidiopliores 


(Fig. 396). 

The sexual organs, which make their appearance later than the conidia, are 
more simply constructed than those of the example described in the intro- 
duction above. In Aspergillus the ascogonium is spirally twisted and without 
any trichogyne that is externally recognisable ; the linger-like antheridia grow in 
contact with it (Fig. 307 B). In some species of Penicillium the two gametangia 
are of similar form and twist round one another spirally (Fig. 397 A). There arc 
also forms ( Monascus purpureus ) in which the ascogonium has a trichogyne. 
The asci are usually spherical and lie irregularly within a closed fiuctilie.ition 
(i*Ki:ri imuiTM) which is spherical and about the size of a pin-bead. The wall of 
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this (ri*;i:imi m) is formed of closely-associated hyphae, and the spores only become 
free when it has broken down. 

Elapho7nyces ccrvinus has brown truffle-like perithecia that may attain the 
size of a walnut ; it grows below the surface of the soil in pine woods. 

Order 2. Erysiphaies (Mildew Fungi) ( 7 - 5l * &) 

The Erysiphaies are parasitic fungi ; their perithecia resemble those of the 
preceding order, but the asci, instead of being irregularly placed, stand singly 
or in a group within the fructification. 

The Mildew Fungi (Fam. Erysiphaceae) have a mycelium that grows like a 
spider’s web on the leaves of higher plants, sending haustoria into the epidermal 
cells of the host. They are spread during the summer by means of conidia which 
are abstricted in a row from erect branches of the mycelium and carried by the 
wind (Fig. 398 A). The am'ueiudium and asoogonium are always uninucleate; 




Fi<». Conuhophores of A$i*iiqiUu'> herbaria 

<>i,i m (left) and l‘< nicill nun 11 tistai < nm (right). 




B 


Fio. 307. — A, Penicilliinn , crusta - 
ceum , spirally twined game- 
tangia. B, Aspergillus herbaria 
orum , cork - screw - like asco- 
gonium with anthendia ap- 
plied to it (mag. after Kny and 
De Bary from (Iai mans). 


there is no trichogyne. The ascogenous hyphae are often only slightly developed, 
and in some cases only a single ascus is produced. There are often only four 
or two ascospores in the ascus, instead of eight. The small dark vkrlthecia, 
provided with peculiar, variously formed appendages, lie as closed spheres in 
the white mycelium on the leaves ; they are organs which tide the fungus over 
the winter (Fig. 398). 

The mildew fungus of the Vine occurs on the leaves and berries of Vitis in 
America, and has appeared in Europe as an injurious parasite of the Grape-Vine 
since 1845. This fungus, known as Ouhum Tucker i , is the conidial form of 
Uncint/Io nrentor, the small perithecia of which have appendages spirally rolled 
at their tree ends and an* only rarely met with. The fungus is treated by 
powdered sulphur. Othei cultivated plants are injured by Mildew Fungi, e.g. 
the Oak by M u'rosphaern qurrciiui and the Gooseberry by Sphaerotheca mors uvae. 


Order 3. Pyrenomycetales 

The Pyrenomycetes comprise an exceedingly varied group of Fungi, some 
of which are parasitic upon ditleivnt poitions of plants, and ot hen aie saprophytic 
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upon decaying wood, dung, etc., while a few genera occur as parasites upon the 
larvae of insects. The flask-shaped fructifications or perithecia are characteristic 
of this order. The perithecia are open at the top, and are covered inside, at the 
base, with a hymenial layer of asci and hair-like paraphyses (Fig. 399). The 
ascospores escape from the perithecia through the aperture. 

The simplest Pyrenomycetes possess free perithecia (Fig. 399) which are usually 

small and of a dark colour, and grow 
singly on the inconspicuous mycelium ( e.g . 
Podospora). In other cases the perithecia 
are in groups embedded in a cushion- or 
club-shaped, sometimes branching, mass of 
compact mycolial hyphae having a pseudo- 
parenchymatous structure. Such a fructi- 
fication is known as a stroma. In some 
the conidia are also produced in flask - 
shaped structures which are called pycnidia 
(Fig. 400). 



3 



The club-shaped stromata of Xylaria 
hypoxylon , with perithecia below and a 
white covering of conidia on the simple 
or branched apical end, are commonly 
found on stumps of Beech. Nedria 
yalligena is a very injurious parasite in the 
cortex of some trees and causes the Canker 



of fruit-trees ; its numerous, small, red 
perithecia are formed in winter and 
spring ( 6S ). 

Claviceps purpurea, the fungus of Ergot, 
is important on account of its official value. 
It is parasitic in the young ovaries of 
different members of the Gramineae, 
particularly of Rye. The ovaries are 
infected in early summer by the asco- 
spores. The mycelium soon begins to form 


Fig. 398. — Uncinula necator. A, Comdial conidia, which are abstricted in small clus- 


stage ; c, conidium ; h, conidiophore. Ii, 
Hyplia which has formed a disc of attach- 
ment (a) and has sent a haustonum Qi) into 
an epidermal cell. C , Penthecium with 


ters from short lateral conidiophores (Fig. 
401 A). At the same time a sweet fluid 
is extruded. This so-called honey-dew is 


appendages. (From Sorauer, Lindau, eagerly sought by insects, and the conidia 


and Reh. Handb. d. Pjlunzenkrankheiten, embedded in it are thus carried to the 


ii. p. 194. 1906.) 


ovaries of other plants. After the com- 


pletion of this form of fructification, and the absorption of the tissue of 
the ovary by the mycelium, a selerotium is eventually formed in the 
place of the ovary from the hyphae of the mycelium by their intimate union, 
especially at the periphery, into a compact mass of pseudo-parenchyma (Fig. 35). 
These elongated dark-violet sclerotia, which project in the form of slightly 
curved bodies from the ears of Rye, are known as Ergot, secale cornutum 
(Fig. 401 B). The sclerotia, copiously supplied with reserve material (fat), 
eventually fall to the ground, where they pass the winter, and germinate in 
the following spring when the Rye is again in flower. They give rise to bundles 
of hyphae which produce long-stalked, rose-coloured globular heads {O). Over 
the surface of the latter, numerous sunken perithecia ( D , E) are distributed* 
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Multinucleate antheridia and ascogonia are developed, and these conjugate. Each 
perithecium contains a number of asci with eight long, filiform ascospores, which 
are ejected and carried by the wind to the inflorescences of the grass. 

Official. — Ergot is the sclerotium of Claviceps purpurea. 


Order 4. Discomycetales ( 69 ) 

The Discomycetes are connected by intermediate forms with the Plectascales. 
Their asci are arranged in a flattened hymenium within the young fructification 


which is later opened by the widenin' 



Fm. - IVvithi't'inm of roibis)i>>r>t </" 
in longitudinal section. Asci ; c, 
paraphyses ; e, p'-ripliysi-s ; n. mycelial 
hyphae. (x 90. Alter v. T.wr.i..) 


of the upper region. The result is an open 
cup- or saucer-shaped structure (apothk- 
cium) bearing the asci on its upper surface 
(Figs. 402, 403). 

The reproductive story was given in 
the introduction for Pyronema confluents 
(p. 444). In many Discomycetes a reduc- 
tion in the sexual organs is found, 
associated with loss of sexuality. The 
antheridia may be functionless or entirely 
suppressed ; in extreme cases the ascogonia 



I'mm a pycnidimn of t’ruj fermia. 

(x :;on. After Bivkski.p.) .. . . ... iium of 
Strick'i-'n x iWitivH.'i in statical section. ( ■ 70. 
After Tv i.ASNK.) 


are wanting, and in their place only a coil of hyphae can be recognised. The 
ascogenous hyphae can, however, always be demonstrated in the young fructifica- 
tion. The absence of the antheridia leads to peculiar relations in Ascohohts 
carbonarius ; its elongated trichogyne grows towards certain conidia, which 
have taken over the function of the antheridium. 


Peculiarities are exhibited by the sexual organs of some Discomycetes which 
are associated with Algae to form Lichens (cf. p. 474). Free, male sexual-cells are 
found in these cases. These sperm ATI A are small, spherical cells formed by abstric- 
tion from the ends of hyphae ( 90 ) in spermogonia (resembling that shown in Fig. 428), 
which are sunk in the Lichen thallus. The spermatia emerge from the spermogonia 
embedded in mucilage and when they come in contact with a trichogyne adhere to 
it ( 80 ). The trichogynes are very long (Fig. 404) and formed of a row of cells ; 
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each arises from a coiled multicellular ascogonium and projects above the surface of 
the thallus. After dissolution of the wall at the point of contact (Fig. 404 B) the 



Fir.. 401 . -Chi.riceps purpurea. A, Mycelial liyjdia with conidia; B, car of Rye with several ripe 
selrrotia ; < , a sclorotium with stromata; />, longitudinal section of a fructification showing 
nuni'T'ous perithecia; E, a single perithee.iuni, more highly magnilied ; F, ascus with eight 
lilifonii sjion-s ; G, a ruptured ascus with escaping spores; H , a single spore. ( A after 
Bkkkkld ; (’-// after Tui.asne ; B photographed from Nature. Official and Poisonous.) 


nucleus of the spermatium disappears, the transverse walls of the trichogyne 
become swollen, and the middle cells of the ascogonium grow out into ascogenous 
hyphae. The passage of the male nucleus into the trichogyne has only been 
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Iii exceptional cases the spermatia of these Lichen fungi can germinate and form 
a small mycelium. Some conclude from this that they are conidia which — as in 


Fro. 406.—Tut)er rufum. 1, A fructification in vertical section ( x 5) ; a, the cortex ; <1, air-containing 
tissue ; c, dark veins of compact liyphae ; h , aseogenous tissue. 2, A portion of the hymenimn 
(x 460). (After Tulasne, from v. Tavel, Pilze.) 

Ascobolus carbonarius — have taken over the function of the antheridia which have 
been lost in the course of evolution. 


Relatively few Discomycetes live in lichen thalli. The majority occur on and 
in dead or living parts of plants, especially on rotting wood but also in humus 
soils. They form apothecia which arc usually small ( e.g . Pyronema ), but less 
frequently (e.g. Peziza aurantiaca , Fig. 402) may attain the width of a decimetre. 

In the Family Helve llaceae, the members of which live in the soil, the fructifica- 
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tion is stalked and only when young is cup-shaped ; later the hymenium becomes 
convex so that the asci are directed outwards. In some cases the hymenium 
becomes thrown into folds (Fig. 405) as in Oyromitra esculrnta , and still more 
markedly in Morchella esculenta , the edible Morchella fungus, which attains a height 
of 12 centimetres ( 70 ' 70a ). 

In some Discomycetes ( Sphaerosoma ) the fructifications are subterranean and 
tuberous, and have the hymenium on the outer 
surface, which may be folded or pitted. These forms 
lead on to the next order. 


Order 5. Tuberales (Truffles) ( 71 ) 

The simplest forms of this order are comparable to 
a Sphaerosoma with very deep pitting or folding of the 
surface. In higher forms the openings of the canals 
lined by the hymenium become obscured. The asci 
thus lie in chambers or tracts within the tuberous 
subterranean fructification. These are known as 
truffles, and some of them are valuable edible fungi ( 70 ), 
e.g. 2'uber bramale, T. melanosporum (Perigord Truffle), 
, etc. The mycelium of 



0(9 G>0 


the Tuberaceae lives 
saprophytically in the 
soil of woods and that 
of some of them forms 
mycorrhiza (p. 261). 


Fig. 407 .— Taphrina epipliylla. 

2, conjugation of conidia ; 
germ-tube with the two nuclei 
derived from the gametes. 
(After Wieben, from Kmkp.) 


Fii;. 408 .— Taphrina Pruni. 
Transverse section 
through the epidermis 
of an infected plum. 
Four ripe asci, ct 1 , « 
with eight spores, 
a 4 with yeast-like 
comdia abstncted from 
the spores ; st, stalk - 
cells of the asci ; m, 
filaments of the my- 
celium cuttrans\ersely; 
rut, cuticle ; ep, epi- 
dermis. (X 400. After 
Sadebeck.) 


Order 6. Exoascales ( ri ) 

The single Family 
(Exoasceae) contains 
only the genus Taphrina, 
the species of which 
live as parasitic fungi in various trees. As annual fungi they may attack 
the leaves and cause diseases of these, or the mycelium may peisist over 
the winter in the tissue of the host-plant and give rise to an annually recurring 
disease. The presence of the mycelium in the tissues of the infected part causes 
the abnormally profuse development of branches known as Witches’-brooms. 
Taphrina carpini produces the abnormal growths occurring on the Hornbeam ; 
Taphrina ccrasi those on Cherry trees. Taphrina deformans attacks the leaves 
of the Peach and causes them to curl. Taphrina pruni is parasitic in the 
young ovaries of many species of Prunus , and produces the malformation of the 
fruit known as “Bladder Plums,” containing a cavity, the so-called “pocket,” 
in the place of the stone ; the mycelium persists through the winter in the 
branches. 


Ascogonia and antheridia are not known in Taphrina and the condition with 
paired nuclei arises in the following way. The ascospores exhibit a yeast-like 
budding and give rise to numerous conidia, frequently while still within the 
ascus (Fig. 408 a 3 , a 4 ), or on the spores being sown in water or sugary nutrient 
solutions. The spores are of different sexes and the conidia budded off from them 
conjugate in pairs by means of a conjugation-tube (Fig. 407), through which the 
nucleus passes from one of the conidia into the other. The latter grows out as a 
mycelium with paired nuclei which infects the host-plant. The asci, containing 
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eight spores, project from the epidermis of the leaves in a continuous layer, 
without paraphyses (Fig. 408). Reduction -division and determination of sex 
take place on the division of the primary diploid nucleus in the young ascus ; 
four of the resulting ascospores belong to the one sex and four to the other. 

The Exoasceae are to be regarded as reduced Aseomycetes. They have no 

fructifications and no conidia are 
formed on the mycelium ; in place 
of these there is the budding of 
the ascospores. 

Order 8. Laboulbeniales ( 74 ) 

The Laboulbeniales live as 
parasites on insects, from the 
bodies of which their minute 
fructifications project like bristles 
that are at most 1 millimetre in 
length. While some send liyphae 
into the insect’s body, the majority 
are attached to the exterior of 
the chitinous covering. One of 
the best-known examples is Stigma- 
tomyces Baerii which occurs on 
house-flies. The two cells of the 
ascospore, after it has become 
attached to the body of the fly, 
undergo divisions (Fig 409 A-C). 
From the upper cell an appendage 
is developed, bearing several uni- 
cellular anth eridia (D, an) from 
which spherical, naked non-ciliated 
.sperm A i l a are shed. The lower 
cell lirst divides into four cells 
(D, a , 5, c, d) t and of these the cell a 
projects and gives rise to the 
multicellular female structure. 
The ahcogonium (E, ac ) is sur- 
rounded by an investment of cells, and has above it two cells, the upper- 
most of which becomes a projecting trichogyne and serves as the receptive 
organ for the spermatia. After fertilisation the ascogonium divides into three 
cells ; the uppermost disappears, the lowest (F, si) remains sterile, while the asci 
grow out from the middle cell. Each ascus (G) contains four bicellular spindle- 
shaped spores. 

Phylogenetically the Laboulbeniaceae are regarded by many authors as reduced 
Florideae on account of their possessing a trichogyne and spermatia. They exhibit 
no close relationship with the other orders of Aseomycetes. 


Fio. 409 . — Stigmatomyces Baerii. Description in text. 
A, Spore. B-F, Successive developmental stages. 1). 
With spermatia escaping from the antheridia an. K. 
With antheridia above and the lateral l'emale-organ, 
F, Perithecium with developing asci. O’, Ripe ascus. 
(After Thaxter.) 


Survey of. the Aseomycetes. The ascus, with eight spores, less 
commonly with four or two spores, is characteristic of all Aseomycetes. 

In the Sub-Class of the Protoascomycetes the ascus arises as the 
direct product of the fusion of the gametangia. The sexual process 
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in the Euascomycetes, on the other hand, leads at first to the formation 
of ascogenous hyphae on which later the asci arise. In typical cases 
there is fusion between a multinucleate ascogonium, provided with a 
trichogyne and a multinucleate antheridiuin, so that there is a con- 
jugation of gametangia ; free spermatia are only rarely formed. 
The fusion of male and female nuclei does not take place in the 
ascogonium, but they pass, associated in pairs, into the ascogenous 
hyphae where they increase in number by conjugate division ; the 
nuclear fusion is eifected, after the stage of hook-formation, in the 
young ascus. Here also (as was the case for the Protoascomycetes) 
the reduction-division of the diploid fusion-nucleus takes place, so that 
the ascospores are haploid. 

The life-history, considered from the point of view of an alternation 
of generations, may be divided in the following way. The gamkto- 
PHYTE is represented by the haploid mycelium bearing the antheridia 
and ascogonia. From the fertilised ascogonium the dikaryotic SPORO- 
phyte with paired nuclei is developed in the form of the ascogenous 
hyphao. It ends with the formation of asexual haploid spores (the 
ascospores) which are developed in a sporangium (the ascus). The 
plectenchyma of the fructification is formed from the haploid 
gametophytic mycelium. 

The phylogenetic position of the Ascomycetes is still a disputed 
question. There are two main opposed views regarding it. 

According to one view, the Ascomycetes are regarded as derived from the Red 
Algae on account of the great resemblance of the sexual organs of some forms with 
those of this group of Algae. On this view Ascomycetes with relatively simple 
sexual processes must he regarded as reduced and phylogenetically younger 
forms. 

According to the second view, the forms with simple sexual organs (Proto- 
ascomycetes) are the most primitive Ascomycetes. From them, by further elabora- 
tion of the sexual organs, the production of ascogenous hyphae (which enable 
an increased number of individuals to be produced by one sexual act), and of 
various types of fructification, the various orders of the Euascomycetes have 
developed. This view is based on the great resemblance of the sexual process in 
the Endomycetaceao to that in higher Phycomycetes, so that the latter would 
be the progenitors of the Ascomycetes. 


The Orders of the Euascomycetes are characterised by the following characters 
derived from the fructifications — apart from those of the sexual organs : 

Plectascales : Peritheeia, spherical, closed ; asci without regular arrangement. 
Erysiphales : Peritheeia, spherical, closed ; asci as a central group. 

Pyrcnomycetales \ Peritheeia with an opening at the tip, tlask- or urn-shaped. 
Discomycc tales : Apothecia with an open hymenium, saucer-, disc- or cup-shaped. 
Tuberales : Fructification tuberous, subterranean, penetrated by tracts or chambers 
with the asci. 

Exoasealcs : Fructification wanting. 

Laboulbcnialcs : Fructification bristle-shaped, the only order with spermatia. 

2 G 2 
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Sub-Class 2. — Basidiomycetes ( x > 61 » r ° 2 > 76 " S6 ) 

The basidium is the characteristic organ of the Basidiomycetes. 
It is a structure that 
abstricts spores, in almost 
every case four spores, by 
a process of budding from 
as many distinct points. 

The basidium is club-shaped 
and unicellular in the 
Holobasidiomycetes (Fig. 

410 (7) and septate in 
the Phragmobasidiomy- 
CETES (Figs. 425, 434). 


A. Holobasidiomycetes 

To this group belong 
the majority of those plants 
which are commonly recog- 
nised as fungi in our woods 
and meadows. 



Fio. 410 .—Armillariamellea. A, Young 
basidium with the two primary 
nuclei ; B, after fusion of the two 
nuclei. Hypholoma appendiculatum, 
C, a basidium before the four nuclei 
derived from the secondary nucleus 
of the basidium have passed into the 
four basidiospores. D, Passage of a 
nucleus through the sterigma into 
the basidiospore. (After Rch l and. ) 



Fio. 411. — Diagrammatic scheme of a the development of 
Hymenomycete. 1, Spores of different sex. 2, Their 
germination to form a mycelium without clamp-connec- 
tions. 3, Conjugation. 4 -ft, Formation of the first clamp- 
connection. 7, Of the next. 8. Mycelium with clamp- 
connections bearing a young binucleate basidium, a basi- 
dium with the fusion-nucleus, and a ripe basidium with 
two spores of each sex. 


The course of the development is not the same in all repre- 
sentatives of the group, as is apparent especially from the investiga- 
tions of Kniep ( 76 ) (Fig. 411). The basidiospores are of different 
sexes. On their germination a mycelium with uninucleate cells, and 
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of practically unlimited capacity of growth, is produced. No sexual 
organs are developed. But if the mycelium meets with a similar 
growth of another sex, fusions take place between vegetative cells 
of the two where they are in contact (Fig. 411, 3) ; the two sexual nuclei 
then lay themselves together without, however, fusing. A branch 
now arises from the fusion-cell and the pair of nuclei pass into this 
and undergo division in the following way. Just beside the pair 
of nuclei a hook-shaped lateral outgrowth arises from the cell ; this 
is the beginning of what is known as a clamp-connection. One 
nucleus moves into the hook and divides, one of the resulting nuclei 
remaining in the hook, and the other passing back upwards into the 
cell. Meanwhile, the second nucleus has also divided, one of the 
resulting nuclei passes 
upwards towards the tip 
of the cell while the 
other remains in its 
basal part (Fig. 411, 5, 

by a transverse wall 
which forms just beneath 
the clamp, and a second 
wall separates the cavity 
of the latter from that 
of the end cell. This 
terminal cell now con- 
tains a pair of nuclei that 
are sexually different. 

The lower cell also 
becomes binucleate since Fl,i * 41 2—Rn*nda rubra. Portion of the hymenium. sh, 
. . ‘Ill Sub-hynienial layer ; b, basidia;s, sterigmata; sp, spores ; p, 

the nucleus in the hook paraph yses ; c, aeystidium. (After Strasburokr. x 540.) 

enters it by an opening 

that forms at the tip of the hook, thus establishing the clamp-connection 
(Fig. 411, 6). The terminal cell continues to grow, and at each cell- 
division the clamp-connection is repeated ; thus a branched mycelium, 
ail the cells of which are binucleate and with a clamp-connection at 
every transverse wall, results (Fig. 411, 8). The mycelium can 
continue its growth for years in this condition, until under the 
influence of definite external conditions fructifications develop by 
the interweaving of hyphae. In the hymenial layer of the fructifica- 
tion the terminal cells of the hyphae enlarge and become converted 
into club-shaped basidia (Figs. 412, 413). In these at last the two 
nuclei fuse ; following on this comes the reduction-division which is 
connected with the determination of sex, and by the two successive 
divisions four haploid nuclei arise (Fig. 413). Meanwhile, the 
basidium has put out four thin, short outgrowths, the sterigmata (Fig. 


Fig. 413). These two 
nuclei are now separated 
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Conidia, and more often oidia and gemmae, occur as accessory modes of repro- 
duction, but play a much less important part than the basidios pores. A ripe 


Fio. 414 . — Exobasulium Vaccinii. Transverse section through the periphery of a stem of 
Vaceinium. ey>, Epidermis ;p, cortical parenchyma; m, mycelial hyphae; b', protruding basidia 
without sterigmata ; b ", with young sterigmata ; h"\ with four spores, (x 620. Aft er Wokmnin.) 

fructification of Polyporus squamosus sheds at least a million spores per minute. 
The fructifications exhibit great variety of form. 

Thus Corticium terrestre has no fructification, but bears its basidia directly on 



Fio. Alb.— ( hint rin boh-iifis. (Reduced. After H. Schenck.) 

the cobweb-like mycelium, which creeps over fallen twigs and moss. Other repre- 
sentatives of the Corticiaceae form Hat expansions or similarly simple hymenia. 
This is the case in Sfm-inn which occurs commonly on tree-stumps, etc. Exo - 
basidium (Exobasidiaceae), which is parasitic on species of Vaceinium, gives rise 
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to red swellings of the parts of the plant affected ; its basidia are borne without 
any fructification beneath the epidermis, between the cells of which they project 
(Fig. 414). 

In the club-shaped or coralloid fructifications of the Clavariaceae (Fig. 415) the 
whole surface is covered by the hymenium. In the family of the Cantharellaceae, 
to which the edible Cantharellus ribarius belongs, there is a distinction between 

portions with and without a hymenial 
layer ; the basidia are restricted to the 
ridged outer side of the top-shaped fructi- 
fication. 

In the Hydnaceae the hymenium- 
bearing region takes the form of prickle- 
like outgrowths, which in the most ad- 
vanced types cover the lower side of the 
stalked cap-shaped fructification (Fig. 416). 

In the Polyporeae in a wide sense 
the hymenial layer lines numerous tube- 
like canals which are placed vertically with 
regard to the general surface. Among 
the simplest of the fructifications are those 
of the Meruliaceae which are resupinate 

Fv>. m.-Hydnvm repnndum. (Reduced. and have onl y shallow depressions ; thru- 
After H. Schexck.) lius lacrymans is the injurious Dry Rot 

Fungus and lives saprophytically in the 
wood of the joists, etc., of houses and destroys it. In addition to the growths 
of whitish-grey mycelium, this fungus forms firm mycelial strands in which there are 



Fig. 417.— Boletus Satanas. (After Krombvioi.z, 4 nut. size.) Poisonous. 

vessel-like hyphae with wide lumina which serve to conduct water and food- 
materials ; thus from the originally infected moist region the fungus can extend 
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into the dry parts of the house. The tubes are more defined in the fructifications 
of the Polyporaceae to which Fomes fomentarius, Touch-wood, belongs. Its 
mycelium lives as a parasite in deciduous trees, and forms large, bracket-shaped 
perennial fructifications. They have a hard, grey external surface, but inside are 
composed of softer, more loosely-woven hyphae, and were formerly used for tinder. 
The narrow tubes of the hymenium are disposed on the under side of the fructifica- 
tion in successive annual layers. Polyporus officinalis, which occurs on Larches 
in South Europe, is similarly formed and has an irregularly tuberous, white 
fructification ; it contains a bitter, resinous substance. The various species of 
Boletus (Fam. Boletaceae) live saprophytically in the soil of woods. Their fleshy 
cap has a centrally placed stalk and bears the regularly formed tubes on its lower 
side. Boletus cdulis and other species are edible ; Boletus satanas (Fig. 417), 
on the other hand, is extremely poisonous. The stalk is yellow to reddish- 
purple and has red reticulate markings, while the pileus is yellowish brown on its 



Fio. 418.— Fomes igniarins. Section through an old 

fructitlcation, showing annual zones of growth. Fio. 410 .— Psalliota campestru, Mush- 

a,. Point of attachment. (.1 nat. size. After room. To the right a young 

H. Schenck.) fructification. (Reduced.) 

upper surface, but on the under side is blood-red, changing later to orange-red. 
Some species of Boletus form mycorrhiza (p. 261), 

The Gill-Fungi or Agaricaceae include the largest number of species. The 
radially arranged lamellae or gills which are borne on the under side of the stalked 
cap or pileus are covered by the hymenium (Fig. 420). They mostly live as 
saprophytes in the soil of woods, but some are parasitic on trees. The 
fructifications in a young stage are roundish bodies, within which the stalk 
and cap are early ditferentiated. In many, a thin membrane (velum) extends 
from the margin of the cap to the stalk (Fig. 419) ; a similar structure is 
present in some species of Boletus. The v^lum ruptures later in development 
and may persist as a ring-shaped, attached, or movable structure (annulus) round 
the stalk ; in some species it remains as a pendulous membrane on the upper part 
of the stalk (armilla). In Amanita (Figs. 420, 421) and related forms the young 
stalk and cap are enclosed by an envelope which remains as the volva at the base 
of the stalk and as white patches over the pileus. 

The Mushroom ( Psalliota campestris , Fig. 419) has a whitish cap and gills that 
are at first white, then pinkish, and ultimately blackish-brown ; it occurs wild in 
fields but is also cultivated. There are other edible, though not artificially 
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cultivated, Agaries, for example Lactarius deliciosus, characterised by an orange, 
milky juice, contained in specialised hyphae. Many cases of poisoning by fungi 
are caused by species of Amanita , which have the thick base of the stalk enclosed 
by a volva and white gills. Amanita pkalloides (Fig. 421), with an olive-green 
cap, is the most poisonous. A. mappa is whitish-yellow with patches of the volva, 
and A. verna is white. Armillaria mellea is a dangerous parasite of trees ; it 



Fio. 420.— Amanita muscario. (1 nat. size.) Fio. 421.— Amanita phalloides. nat. size.) 

Poisonous. Vert Poisonous. 


contains a photogenic substance in its mycelium, which renders the infected wood 
phosphorescent ( 5 ). 


Order 2. Gasteromycetales ( 70 ) 

The Gasteromycetes are distinguished from the Hymenomycetes by their closed 
fructifications, which open only after the spores are ripe, by the rupture of the 
outer hvplial cortex or peridium. The spores are formed within the fructifications 
in an inner mass of tissue termed the gleba. 

The Gasteromycetes are saprophytes, and develop their mycelium, which is from 
the beginning dikaryotic, in the humus soil of woods and meadows. Their 
fructifications, like those of the Hymenomycetes, are raised above the surface of the 
substratum, except in the group of the Hymenogastreae, which possesses sub- 
terranean, tuberous fructifications resembling those of the Tuberaceae. 

The fructifications of Scleroderma vulgare (Fig. 422, 1) have a comparatively 
simple structure. They are nearly spherical, usually about 6 cm. thick, and have 
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a thick, light brown, leathery peridium which finally becomes cracked and rup- 
tured at the apex. The gleba is black when ripe, is traversed by numerous 
sterile veins, and is crowded with pear-shaped basidia which do not form a regular 
hymenium ; the basidia bear four sessile, spherical spores (Fig. 422, 2). 

The genera Bovista and Lycoperdon (Fig. 423, 1) have also spherical fructi- 
fications, which are at first white and later of a brown colour. In the last-named 
genus they are also stalked, and in the case of Lycoperdon Bovista may even 
become half a metre in diameter. The peridium is formed of two layers ; the outer 


Fig. 4*22. — 1, Scleroderma vulgar e, frnct iticM- 4-S Lycoperdon 

tion. 2 , Basidia of same. (After Tti v.sm) j - nmatirm. t , Geaster 

(1, nat. size ; 3, enlarged.) granulosus. (Nat. size.) 

separates at maturity, while tho inner dehisces at the summit. The hymenial 
layer of basidia, in the fungi of this group, lines the chambers of the gleba. The 
chambers are also provided with a fibrous capillitium consisting of brown, thick- 
walled, branched hyphae which aid in distributing the spores. 

In the related genua Oeaster (Earth-star) (Fig. 423, 2) the peridia of the nearly 
spherical fructifications are also composed of two envelopes. When the dry fruit 
dehisces, the outer envelope splits into several stellate segments, and the inner 
layer of the peridium becomes perforated by an apical opening. 

The highest development of the fructifications is exhibited by the Phallaceae C* 8 ), 
of which Ithyphallus impudieus (Stink -horn) is a well-known example. Its 
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fructification recalls that of the discomycetous Morchella , but it has quite 
a different manner of development. A fructification of this species is 
about 15 cm. high. It has a thick, hollow stalk of a white colour and per- 
forated with pores or chambers. Surmounting the stalk is a bell-shaped pileus 
covered with a brownish-green gleba which, when ripe, is converted into a slimy 

mass (Fig. 424). When young the fructification 



forms a white, egg-shaped body, and is wholly 
enveloped by a double - walled peridium with 
an intermediate gelatinous layer. Within the 
peridium, the hyplial tissue becomes differentiated 
into the axial stalk and the bell-shaped pileus, 
carrying the gleba in the form of a mass of hyphal 
tissue, which contains the chambers and basidial 
hymenium. At maturity the stalk becomes 
enormously elongated, and, pushing through 
the ruptured peridium, raises the pileus with the 
adhering gleba high above it. The gleba then 
deliquesces into a dropping, slimy mass, which 
emits a carrion-like stench serving to attract 
carrion- flies, by whose agency the spores embedded 
in it are disseminated. 

B. Phragmobasidiomycetes 

The basidium is four-celled, being 
divided by longitudinal walls or more 
commonly by transverse walls; in a few 
exceptional cases it is unicellular. 

Order 1. Tremellales ( M ) 

The basidium is longitudinally divided and 
bears four spores (Fig. 425). There is an 
ascending series leading from forms without 
fructification to those with gelatinous fructifica- 
tions which are covered on their upper surface 
by the hymenium. The few genera are 
saprophytic on rotting stems of trees. 


Fig. 424. — ithyphaiim impudicus. Order 2. Auriculariales ( 85 ) 

(£ nat. size.) The Auriculariales also form a developmental 

series from primitive web-like forms without a 
hymenial layer to those with a differentiated fructification. Thus the Jew’s 
ear fungus ( Auricular ia sainbucina), which grows on old Kid or stems, has 
gelatinous, dark-brown, shell-shaped fructifications which bear the hymenium 
on their inner side. The basidia of all the Auriculariales are divided by trans- 
verse walls into four cells lying in a row abovo one another ; from each of these 
a sterigma is formed laterally and bears a spore (Fig. 426). In many forms the 
basidium has a swelling at its base known as a pro-hasidium (Fig. 426); this 
originally formed the end of a hyplia with paired nuclei and the nuclear fusion 
occurred within it. Later the true septate basidium grows from the pro- 
basidium. 
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Order 3. Uredinales (Rust Fungi) C 78 - 81 ) 

In this Order, which includes some 1000 species, the basidia are 
transversely septate and four-celled (Fig. 427, 2); they are thus 
very similar to those of the Auriculariales. The mycelium cannot be 
artificially cultivated ; it lives parasitically in the intercellular spaces 
of the higher plants, most commonly in their leaves, and sends 
haustoria into the cells. These fungi cause widespread diseases that 
are spoken of as Rusts. No fructifications are formed, but the group 



Km. 4‘_ , 5. — Basiihum of Tremella Informs. 
(After Bkkpkld.) (x 450. From v. 
T a\ kl, Pike.) 



Fui. 420. — ,S Utri't /blast in ovisjutra. Two 
transversely septate basulia with 
pro-basidui at their bases ; that 
on the right shows the commence- 
ment of spore-foi illation. 


is characterised by the variety in type of the spores which appear in 
a strict order of succession (Fig. 433). The typical course of develop- 
ment is as follows ( 7S ). 

The basidiospores germinate in the spring on the leaves of a host-plant and 
give rise to a mycelium with uninucleate cells which grows in the intercellular 
spaces. On tins mycelium two kinds of spores are later produced ; these are the 
small “ spermatia,” which are formed in spermogouia, and are incapable of 
further development, and the larger aeeidiospores, formed in aeeidia and capable 
of infecting a host-plant. 

The spkiimouonia are flask -shaped structures which break through the 
epidermis of the upper side of the leaf (Fig. 428), and abstrict small, uninucleate 
elliptical cells, the “spermatia.” from the hyphae lining the basal region. 
These spores may produce a short germ-tube in nutrient solutions, hut are not 
capable of infecting a host-plant. They have no importance for the develop- 
ment of the fungus and are wanting in many species. 

The akcidia break through the epidermis of the under side of the same leaves. 
They are cup-shaped structures (Fig. 429) filled with parallel chains of aeoixuo- 
spores. Their development commences, in the case of Phnujmidium speciosum , 
parasitic on Rosos, with a palisade-like arrangement of uninucleate hyphae beneath 
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the epidermis (Fig. 430 A). The end of each hypha divides into an upper 
sterile cell, which soon degenerates, and a larger, lower fertile cell (B). Betw een 
every two neighbouring fertile cells the walls are broken down in the upper part 
so that they fuse in pairs (C) ; their nuclei do not, however, fuse, but become 
placed side by side. From then on the pair of nuclei divide conjugately, the 



Fio. 427 — ni"i > fnnninis . 1, Transverse section through a grass-haulm with group of t**leuto- 

sport s < .1 1 ruinating teleutospore with two basidia. 3, 4, g«*i nimat mg basnho-^pores ; 
the lattor has formed a secondary spore, not li.mng been able to infect a host-plant. 5, 
A portion of a group of uredospores (u)and talent ospoi< >, (t ) , y», the germ-pores. 6, Germinat- 
ing uredospore. (1,2,3, 4 after Tm. asm. , 0 alter L)c JL\ky. 1 , x 150; 2, x circa 230; 

3, 4, x 370 ; 5, x 300 ; 6, x 390. From v. Tavel, Pilze.) 

one resulting pair of nuclei passing towards the tip of the cell and the other pair 
remaining in its basal part ; between the two pairs a transverse wall is formed 
(D, 15). This process is repeated many times in the basal cell so that a chain of 
binuclcate cells (aecidiospore mother-cells) is formed. Each spore-mother-cell 
divides once, with conjugate division of its pair of nuclei, into an upper, larger 
cell, which is the binucleate aecidiosfore and a lower binucleate small cell, 
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which is the intercalary cell (F). The latter become mucilaginous and disappear, 
setting the aecidiospores free (G). In some genera ( e.g . Puccinia) the uppermost 


Etc. 120. l'wcj nia ijromini*. A<'ci<limn on /• w ri.< ; ep. ppidti mis oflmvov surface ofleaf ; 

<//, intcrot llular mvcfliiim ; /•, p : ii , chains of spores. (x 142.) 


the pressure caused by the continued new formation of spores at the lower ends 
of the chains (in Puccinia gramtnis over 10,000 spores are formed in an aecidium), 
the epidermis is ruptured and the rust-coloured spores are set free and can be 
distributed by the wind. 
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They germinate on a new host-plant. The germ-tube enters by means of a 
stoma and develops to an intercellular mycelium with binucleate cells which 
soon proceeds to form uredospores or summer-spores. These arise singly by the 
enlargement of the terminal cell of the hypha which forms the stalk, and are 
associated in roundish or linear sori, which break through the opidermis of the 
host-plant as rusty patches. Each uredospore contains a pair of nuclei which, 
like those of the mycelium, have arisen by conjugate division (Fig. 431). The 
uredospores spread the fungus during the summer. Later in the year differently 
constructed spores, the teleutospoiies, or winter-spores, are formed in the same 
(Fig. 427, 5), or in other (Fig. 427, 1) sori. These are thick- walled, usually 
more darkly coloured, and unicellular ( Uromyces ), bicellular ( Puccinia , Fig. 427), 



Fio. 430 .—PKragmidium speciosum. A, The first rudiment of an aecidmm beneath the epidermis of 
a leaf of Rosa. B, The division of the end-cell of a hypha into the upper, transitory, sterile cell 
and the lower fertile cell. C, Conjugation of two adjoining fertile cells. D, Later stage in which 
the first nuclear division is completed. E, Abstrietion of the first aeeidiospore-mother-eell. F, 
Chain of aecidiospores («i, ct2) separated by intercalary cells ( z \ , z 2 ) ; sm, the last-formed spore - 
mother-cell still undivided. (After Christman). f7, Ripe aecidiospore of Bhragmidium 
violaceum. (After Blackman.) 


or multicellular ( Phragmidium , Fig. 432). When young they are binucleate, but 
as they mature the paired nuclei they contain fuse (Figs. 432, 433). Each 
teleutospore corresponds to the early stage of a basidium which, however (since 
the thick-walled teleutospore forms a resting structure over the winter), does not 
at once develop further, but germinates in the ensuing spring to form a tubular 
basidium (427, 2). The teleutospore thus coriesponds to the pro-basidium of 
the Auriculariales (cf. Fig. 426). The four haploid nuclei, which arise by division 
of the fusion-nucleus, are separated by transverse walls (Fig. 433, 7). From each 
of these cells a sterigma grows, and ends in the haploid basidiospoue (Fig. 
427, 2). The basidiospores are forcibly thrown off from the sterigmata. They 
are carried by the wind to the leaves of the host-plant and this completes the 
developmental cycle (Fig. 433). 

All Uredineae do not exhibit so complicated a course of development ( 79 ), since 
in many cases one or more of the five forms of spores are omitted. Thus in the 
fungus which causes the Rust disease of Malvaceae, Puccinia malvacearum , there 
are no spermogonia, aecidia, or uredospores ; the binucleate condition is attained 
by the fusion of two cells in the young teleuto-sorus. Teleutospores are almost 
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always present in the life-liistory. They are absent in very few species ( 81 « 81 °), 
for example, in Endophyllum scmpcrvivi ; in this the basidia develop from the 
aecidiospore3 in which the nuclear fusion, which usually occurs in the teleutospores, 
takes place. 

Some Rust-Fungi go through their whole life-history on the same kind of host- 
plant ; these are termed autokcious. In the heteroecious Uredineae, on the other 
hand, the haploid phase (the liaplont) and the binucleate phase (the dikaryont) 
develop on different kinds of host-plant. 

An example of such an alternation of hosts is afforded by Puccinia graminis ( 80 ) 
(Fig. 427), the commonest of the Rusts of Wheat. Its basidios pores will only 
germinate on the leaves of the Barberry (and the young fiuits of Mahonia 
aquilegifoliu) and produce on this host-plant the spermogonia and the accidia. 
The basidios pores, on the other hand, will only germinate on the Gramineae, pro- 



Pjo. M\,— I'hr(igmidium rubi. Marginal portion of 
an almost mature uredo-sorus after it has broken 
through the epidermis. The mycelium and the 
uredospores have paired nuclei. P. parapbysis. 
(After Gaumann. x f>65.) 



Fio. AZ'l.—Phragmidurm violaceum. 
Teleutospore. The lower cell has 
a pair of nuclei; these have fused 
in the two upper cells. (After 
Blackman from Gaumann. x700.) 


ducing on them the uredospores and teleutospores in rusty -brown or blackish linear 
sori. Similarly in Uromyces pin the spermogonia and aeeidia occur on Euphorbia 
cyparissias and E. esnla , and the uredo- and teleuto-spoves on Pisum sativum, 
Lathyrus pratensis and L. sylvestvis. The infected plants of Euphorbia remain 
unbranched, have yellowish, abnormally short and thick lea\es, and do not, as a 
rule, flower. These forms of Rust are thus very selective as regards their hosts ; 
there are, however, heteroecious species, the h&plonts or dikaryonts of mhich can 
grow on many different host-plants ( TO ). 

The Rust- fungi, although they do not kill the tissues of the host-plants, 
give rise to serious diseases of plants. Thus in forestry the aecidium generation 
of Melampsora caryophyllaccarum causes witches* -brooms, and canker of Abies, 
while its uredo- and teleuto - spores occur on Caryophyllaceae. Cronartium 
ascclepiadevm is still more injurious since its aecidial stage attacks and kills 
the branches of pines. Puccinia graminis causes great harm, especially to winter 
wheat, weakening the plants and diminishing the yield. The attempt to eradicate 
the disease by destroying all Barberry plants does not succeed, since the 
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uredospores can live over the winter and then infect the young wheat-plants. 
No chemical remedies are known. 

The typical Uredineae show a clear alternation of nuclear phases 
and a corresponding alternation of generations. 

The HAPLOID gametophyte develops from the haploid basidiospore; 
it ends with the cell-fusion that takes place in the young aecidium 
and represents a reduced sexual process. The binucleate aecidiospore- 
mother-cells represent the beginning of the dikaryotic sporophyte ; 
this has the uredospores as a subsidiary form of reproduction and 
ends with the basidia in which the reduction-division takes place. 
The teleutospores are not for the spread of the plant, but are to be 



l x + x 2x x 


Fio. 433.— Diagrammatic representation of the succession of spores in Vaccinia graminis. 1, 
basidiospore ; 2, aecidiospore (on Berberis)-, 3, 4, . F >, uredospores and teutospores (on wheat); <>, 
7, 8, development of the basidium. 

regarded as the young basidia modified for persistence through the 
winter. The gametophyte and sporophyte in some cases differ in 
their nutritive physiology and grow on different host-plants. 

There is still difference of opinion regarding the nature of the “spermatia.” 
As the name indicates they are often regarded, with Blackman, as male gametes 
that have become functionless. They may, however, be alternatively regarded as 
conidia which have become functionless, and the structures in which they arise 
would then be termed pycnidia, instead of spermogonia. 

Order 4. Ustilaginales (Smut Fungi) ( 77 ) 

The Ustilagineae, which form no fructifications, live as parasites 
in the intercellular spaces of higher plants, but can be grown in 
culture. In typical cases their development is as follows : 

The brand-spores (resting spores) which are distributed by the wind in autumn 
retain the power of germination for years ; in spring they germinate, forming a 
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Fio. 436. — IJ it dago. 
Basidiospore in nut- 
rient solution, un- 
dergoing yeast-like 
budding. (After 
Brkfeld, from von 
Tavel, Pilze. ( x 
350.) 


Fio. 434. — Ustdago scabiosac. A , 
Young basidium with four nuclei 
formed on germination of the 
resting spore. B , Spore-forma- 
tion on the 4-celled basidium. 
(After Harper.) 


basidium which abstricts basidiospores (Fig. 434). The latter are sexually ditier- 
entiated and conjugate on germinating or shortly afterwards (Fig. 437 A), giving 
rise to a dikaryotic mycelium which at first is saprophytic. This mycelium 
infects the host- plant 
and, at least in the 
case of some species, is 
extensively developed 
as a mycelium with 
clamp-connections. At 
certain spots, e.g. in 
the ovaries of cereals, 
the mycelium forms 
denser masses and its 
cells swell in bead- 
like rows (Fig. 435), 
and become isolated 
as thick- walled dark 
spores. These brand- 
spores are shed from 
the place of their for- 
mation like a black 
dust. When young, 
each spore has two 
nuclei, but as the spore 
matures these fuse ; on 
the formation of the 
basidium, reduction- 
division, associated 
with the sex - deter- 
mination, occurs. The 
basidios pores are thus 
haploid and sexually 
distinct. The brand- 
spores are evidently 
homologous with the 
tel eutos pores of the 
Uredinoae. 

Considerable differ- 
ences in detail are 
found between the two 
families of the Ustila- 
ginaceae and Tilletia- 
ceae, and between their 
individual species. 

In the Ustila- 

ginaceae the brand-spore, which has rested during the winter, puts out a germ- 
tube (Fig. 434 A) into which the diploid nucleus passes and undergoes division 
into four haploid nuclei ; transverse walls form between these nuclei, and a 
basidium, resembling those of the Auriculariaceae and the Uredineae, results 
(Fig. 434). This structure, which is also spoken of as a promycelium, now 
abstricts from the side of each cell a basidiospore (sometimes termed a 
sporidium) ; in this process the nucleus does not itself pass from the basidium 

2 HI 




Fio. 435. — Ustilugo 
Peijichii. Formation 
of brand-spores from 
a mycelium with 
clamp - connections. 
(After Seyff.rt.) 


Fio. 437. — Uttilugo carlo. A , 
conjugating. sporidia. B, The 
two uppermost cells of a 
basidium united to form a 
cell with paired nuclei. C, 
conjugation between two 
basidia. (After Rawit* 
SOBER. X 1000.) 
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into the spore, but divides, and a daughter-nucleus enters the spore (Fig. 434 B), 
Under favourable nutritive conditions it is therefore possible for further basidio- 
spores to be abstricted. The basidiospore may grow into a filamentous mycelium, 
but more frequently forms chains of yeast-like cells (Fig. 436). Mycelia or the 
isolated cells of the chains, when of different sex, then conjugate with one another. 
The basidiospores themselves may unite, or an association of the sexually different 
nuclei of the basidium may take place (Fig. 437 B ), or two basidia may be united 
by a conjugation tube (Fig. 437 C). 

In the Tilleti&ceae transverse walls are not present in the basidium. The 
elongated basidiospores are borne, to the number of four or eight, at the summit 
of the basidium (Fig. 438^4) and conjugate in pairs while still attached. Either 
they are shed thus connected in pairs ( Tiiletia tritici, Fig. 438 i?) and germinate to 
form & mycelium with paired nuclei ; or the growth of the dikaryont takes place 
without separation of the spores from the basidium ( Urocystis violae , Fig. 438) so 




Pto. 438. — Tiiletia tritici. A, The basidium developed from the brand-spore bearing at the end 
four pairs of spores k (x 300). B, The dispersion of the spores which have fused in pairs 
(x 250). (After Brefeld.) Urocystis vnlgare , C, Brand -spores witli the four basidiospore nuclei. 
D, basidium with three uninucleate basidiospores at its tip. E, Conjugation of two basidio- 
spores. F, Growth of the mycelium with paired nuclei. (After Kniep, from Cmumann. x 450.) 


that the mycelium with paired nuclei seems to arise directly from the brand-spore 
(Fig 438 F). In Tiiletia tritici the dikaryotic stage can reproduce by means of 
conidia. 

One of the most remarkable structural changes induced by disease-producing 
fungi results from the presence of Ustilago violacea in the female flowers of species 
of Melandrywn ; in these stamens develop, the anthers being filled with brand- 
spores in place of pollen. 

The smut-diseases of cereals are of great agricultural importance. Ustilago 
zeae produces abscess-like swellings, filled with brand-spores, on the stems, leaves 
and inflorescences of the maize. Ustilago avenae , U. hordei and U, tritici 
fill the ovaries of Oats, Barley, and Wheat with a dusty mass of brand-spores. 
Species of Tiiletia form compact masses of spores, with a smell of herrings, in the 
grains of Wheat (and occasionally also in those of Rye and Barley ; the so-called 
stink-brand. Since one affected grain of Wheat contains four to twelve million 
spores, which on threshing are dusted over the seed, the disease is readily spread 
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to many seedlings of the next sowing. As a result there is often a loss of 20 per 
cent and sometimes of 60 per cent of the harvest. The smut-diseases are success- 
fully treated by a short immersion of the seed in poisonous solutions of salts of 
mercury, etc., by which the brand-spores are killed. 

Survey of the Basidlomyeetes.— The Basidiomycetes exhibit clear 
phylogenetic connections with the Ascomycetes. 

As in the latter group the fusion of the sexual cells (plasmogamy) 
is separated from the fusion of the sexual nuclei (karyogamy) by the 
characteristic stage with paired nuclei (dikaryont). The formation 
of clamp-connections on the mycelium with paired nuclei in the 
Basidiomycetes is homologous with the HOOK-FORMATION of the 
Ascomycetes. In the latter this is limited to the terminal cells of the 
ascogenous hyphae (in rare cases it takes place in other cells) while in 
the Basidiomycetes clamp-connections appear at all the divisions. 
In both groups the fusion of the paired nuclei only occurs in the 
terminal cells of the dikaryont, and is followed immediately by the 
reduction-division and the formation of the haploid ascospores and 
basidiospores respectively. The basidium is therefore homologous 
with the ASCUS and only differs by the exogenous production of the 
spores. 

The absence of sexual organs in the Basidiomycetes, in contrast to their 
occurrence in Ascomycetes, does not prevent the assumption of a relationship, for 
in many of the higher Ascomycetes the sexual organs are reduced. Since the 
holobasidiutn is most like the ascus the simplest Hymenomyce tales are regarded 
as standing closest to the lower Ascomycetes ; the Phragmobasidiomycetes are 
regarded as derived from the Hymenomycetes, the Ustilagineae and Uredineae in 
which fructifications are lacking being reduced terminal groups. Other views 
are, of course, possible ; if the spermatia of the Uredineae are assumed to be 
male gametes this group may form a connection with correspondingly organised 
Ascomycetes. 

Economic Uses. — Pohgporus fomentarius (fungus chirurgorum). Polyporus 
officinalis ( = Boletus laricis ) gives Agaricus Aldus, agaricinum, and acidum 

AGARICINUM. 

Short Survey of the Orders of the Basidiomycetes. 

Hymenomycetales : Basidia non-septate. Fructification with hymenium exposed. 
Gastcromycetales : Basidia non-septate. Fructification closed. 

Trcmcllalcs : Basidia longitudinally divided. Fructification gelatinous. 
Auricularialcs : Basidia transversely divided. Fructification gelatinous. 
Uredinales : Basidia transversely divided. Fructification wanting. Characteristic 

succession of spermatia, aecidiospores, uredospores, and teleutospores. 
Ustilaginales : Basidia transversely divided or undivided. Fructification wanting. 

Characteristic spore-form (brand-spores). 

Fungi Imperfecti. — In the case of many fungi neither asci nor basidia, but 
only conidia, are so far known. These are therefore classed as Fungi Imperfecti, 
leaving open the question whether or not in particular cases the pow r er of forming 
asci or basidia has become completely lost. 
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Fungi are only poorly preserved in the fossil condition. The oldest known are 
from rocks of Middle Old Red Sandstone Age. 


Class XIII 

Lichenes (Lichens) (L 51 > 87 91 ) 

If a section is made of the thallus of any Lichen, a mixture of 
fungal hyphae and algae can always be demonstrated (Fig. 439). 
The lichen thallus is thus a consortium. 

The Algae occurring in Lichens are sometimes unicellular ( e.g . Chroococcus ), or 
filamentous (e.g. Nostoc ) Cyanophyceae. Frequently they belong to the Green 
Algae ; they are often unicellular Protococcaceae (e.g. Cystococcus humicola ), or 


or 


fccr 


Fit;. 439. — CHraria ■hhnvUcn. Transverse section 
through the thallus; or, cortical layer of upper 
surface; ur, of the* lower surface; m, medullary 
layer containing the green cells of the Alga, t >/o- 
coccus humicola. (x 27: \ After JL Sen know.) 

may lie filamentous Ulotrichales (e.g. Stic/wcoccus , TiciUr/iofilia ambrina). The 
fungi concerned are mostly Ascornycetes (Discomycetcs and less commonly Pyreno- 
mycetes), and only in a very few cases Basidiomycetes. Both the fungus and the 
alga can, as a rule, be artificially cultivated apart from one another. 

In the simplest cases the fungus grows in the mucilaginous walls of tin* alga ; 
thus in Collema , which is common on soil and bark, the mycelium is present in 
the mucilage of a iYosfoc-colony. Such Lichens, which are swollen when moist 
and contract to a thin layer when dry, are termed gelatinous Lichens. In oilier 
cases the fungal hyphae are spun around the individual filaments of the alga in a 
thin layer (e.g. in Ephebe pubescens) ; what is termed a filamentous thallus results 
from this. In both these types the external form of the lichen is determined by 
that of the alga. Such lichens are termed uomoiomkrui s in contrast to m tkuo- 
mkkous forms, in which the fungal and algal constituents of the Lichen appear 
•stratified and the external shape is determined by the fungus. The majority of 
Lichens have this type of thallus. The internal portion of the thallus usually 
consists of loosely arranged hyphae, among which the algal cells form groups or 
a definite layer usually lying near the upper surface ; the external layers of the 
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thallus are frequently formed of a dense cortex composed of a plectenchyma 
of interwoven hyphae (Fig. 439). 

It is customary to distinguish the three following forms of heteromerous 
Lichens : — Crustaceous Lichens, in which the thallus has the form of an incrusta- 
tion adhering closely to a substratum of rocks, bark, or to the soil, which the 
hyphae to a certain extent penetrate. Foliaoeoits Lichens (Fig. 440), whose 
flattened, leaf-like, lobed, or deeply cleft thallus is attached more loosely to the 
substratum by means of rhizoid-like hyphae (rliizines), springing either from the 
middle only or irregularly from the whole under surface. Frutico.se Lichens 
(Figs. 441, 442) have a filamentous or ribbon-like thallus branched in a shrub-like 
manner and attached at the base. 

The growth of the thallus in Lichens is as a rule very slow. The exceptionally 
quick-grower CWraria islandica (Fig. 445) may form several centimetres of new 
growth in a^ 2 ar ; usually less than a centimetre is formed. Under good condi- 



Fio. 442 . — Cladonia rangiferina. A, sterile; 

Fig. 441 . — Usnea barbata. up, Apotheciuni. B, with ascus-fruits at the ends of the 

(Nat. size. After II. Schknck.) branches. (Nat. size. After II. Schenck.) 

tions of illumination Parmelia furfuracea attains in ten years a diameter of only 
31 x 60 mm. ( M8a ). The fructifications do not form as a iule until the plant is some 
years old. 

Many Lichens are able to multiply in a purely vegetative manner, 
by means of loosened pieces of the thallus, which continue their 
growth and attach themselves to the substratum with new rhizines. 
The majority of the heteromerous lichens possess in the formation of 
SOREDIA another means of vegetative multiplication. In this process, 
small groups of dividing algal cells become closely entwined with 
mycelial hyphae and form small isolated bodies which, on the rupture 
of the thallus, are scattered in great numbers by the wind and give 
rise to new lichens. Frequently the soredia arise in circumscribed 
receptacles (soralia) (Figs. 443, 444). 
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The fructifications of the Lichens are produced by the fungi, not 
by the algae, which are always purely vegetative. 

In their natural habitats the lichen-fungi only develop from their spores when 
the appropriate algae are available. 

Only in a few genera ( e.g . Endocarpon ) are special small algal cells present in 
the fructification ; they are shed along with the spores, and are enveloped by the 
germ-tubes developed by the latter. 

The fungus and alga are symbiotically associated in the lichen 
thallus. 

The fungus derives its nourishment from the organic matter produced by the 
assimilating alga ; it can also, though rarely, send haustoria into the algal cells 
(Fig. 448), and so exhaust their contents and also live saprophytically on the 
dead algal cells. 

The alga, on the 
contrary, derives 
a definite advan- 
tage from its con- 
sortism with the 
fungus, receiving 
from it inorganic 
substances and 
water, and prob- 
ably organic sub- 
stances also. 


Fig. 443 .— Parmelia 

physodes, soredium. Fio. 444 .—Roccella tUictoria, DC. Canary Islands. With marginal soralia. 

(After Nienburg.) (After Wiksnek.) 

The main advantage in this mutualistic symbiosis is probably on the side of 
the fungus. This is especially the case in those Lichens which grow on bare 
rock. 

The supply of water ( 87<l ) in Lichens is obtained by means of the alga in the case 
of gelatinous lichens. In the heterornerous forms it is the fungus which performs 
this function. As a rule this is effected by thick-walled liyphae which are readily 
wetted by water and absorb it by their swelling walls ; the cortex is composed 
of such hyphae and strands of them may also be present within the thallus. The 
hypliae in the neighbourhood of the algal cells, on the other hand, are not wetted 
by water, so that, even in moist weather, the access of air to the alga is not interfered 
with. Further the openings in the cortex found in some lichen thalli (so called 
breathing pores) which serve for ventilation are, in contrast to the general surface 
of the cortex, not wetted. This property of not being wetted results from the 
presence of lichen acids ( 88 ). excreted in the form of crystals on the surface of the 
hyphae ; they are organic acids the origin of which depends on the chemical 
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interaction of the alga and fungus. Lichens can endure drying for months without 
injury and can also obtain water hygroscopically from moist air. 


1. Ascolichenes 



Only a few genera of Lichens have flask-shaped perithecia, the fungus be- 
longing to the Pyrenomycetes ( Endocarpon , Verrucaria ). Most genera produce, as 
the ascus-fruit of their fungus, cupular or discoid apothecia, sessile or somewdiat 
sunk in the thallus and belong to the Discomycetes (Figs. 441, 445). 

One of the commonest species of fruticose lichens belonging to this group is 
Usnea barbata, the Beard Lichen, frequently occurring on trees and having large 
fringed apothecia (Fig. 441). llamalina fraxinea, which has a broad ribbon-shaped 
branched thallus and grows on trees, and the numerous species of Roccella (Fig. 444) 
found on the rocks of warmer coasts, have similar apothecia. Cetraria islandica , 

Iceland Moss (Fig. 445), occupies 
an intermediate position between 
the fruticose and foliaceous 
lichens. It has a divided, 
foliaceous, but partially erect 
thallus, which is of a light bluish- 
green or brown colour, whitish 
on the under side, and bears 


Fig. 445 . — Cetraria islandica. ap, Apothecium. 
(Nat. size.) Official. 


Fig. 446. — Cladonia cocci/era. 
t, Scales of primary 
thallus. (Nat. size.) 


the apothecia on its margin. This Lichen is found in mountainous regions 
and in the northern part of the Northern Hemisphere. The numerous species of 
Parmelia (Fig. 440) are foliaceous lichens growing on trees and on rocks. Graphis 
scrip ta is a well-known example of the crustaceous Lichens ; its greyisli-white 
thallus occurs on the bark of trees, particularly of the Beech, on the surface of 
which the apothecia are disposed as narrow, black furrows resembling writing. 

A peculiar mode of development is exhibited by the genus Cladonia, the primary 
thallus of which consists of small horizontal scales attached directly to the ground ; 
from this thallus springs an erect portion, the podetium, of varying form and 
structure in the dilfercnt species. In some cases the podetia are stalked and 
funnel-shaped, bearing on the margin or on outgrowths from it knob-like apothecia, 
which in C. pyxidata aro brown, in C. coccifcra (Fig. 446) bright red. In other 
species the erect podetia are slender and cylindrical, simple or forked ; in G. rangi - 
ferina , Reindeer Moss, which has a world-wide distribution, particularly in the 
tundras of the North, the podetia are finely branched (Fig. 430), and bear the small 
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brown apothecia at the ends of the branches. The primary thallus of this species 
soon disappears. 

The sexual organs of the Ascolichens have been dealt with on p. 449. 


2. Basidiolichenes (Hymenolichenes) 

The Hymenolichenes are represented by Cora pavonia, of which the genera Dictyo- 
nema and Laudatea are only special growth-forms. This lichen is widely spread 
in the tropics, growing on the soil or on trees. The fungus of this lichen belongs 
to the family Thelephoreae ; its flat, lobed, and often imbricated fructifications are 
also found entirely devoid of algae. In symbiosis witli the unicellular alga 
Ckroococcas it forms the fructifications of Cora pavonia (Fig. 447), resembling those 
of the Thelephoras with a channelled, basidial hymenium on the under side. 



Fig. 447.— Cora pavonia. A, Viewed from above ; 
B, from below ; hym, hymenium. (Nat. size.) 


Associated symbiotically, on the 
other hand, with filaments of the 
blue-green Alga Scytonema, if the 
fungus preponderates, it produces 
the bracket - like lichens of the 
Dictyonema form, found projecting 
from the branches of trees with a 
semicircular or nearly circular 



Fio. 448. — A, Cladania furrnta. liypliae 
surrounding an alga (Protococrm). B, 
Lempholernma dralazanum. Branch of 
a hypha penetrating a cell of Nostur. 
(After Hornet, x 600.) 


thallus, having the hymenium on the under side. When the shape of the thallus 
is determined by the Alga, a lichen of the Laudatea form occurs as felted patches 
of fine filaments on the bark of trees, with the hymenium on the parts of the 
thallus which are turned away from the light. 


Official. — The only representative of the Lichens is Cetraria islandica 
(Lichen islandicus). Lobaria pulmonaria is also used in domestic medicine. 

The Manna Lichen ( Lecanora esculenta) is a crustaceous Lichen living on rocks. 
The thallus falls into pieces 7-12 mm. in diameter, and is thus readily swept by 
the wind ; it is used by the Tartars, who prepare earth-bread from it. Cetraria 
islandica (Fig. 426) also, when the bitter substances are removed by washing, 
may be used to make bread as well as to prepare jelly. Cladonia rangiferina is 
important as affording food for the Reindeer. Alcohol is obtained from it in 
Norway. 

Some species particularly rich in lichen-acids are used in the preparation of 
the pigments orseille and litmus ; there are in the first place species of Roccella 
(especially R . Montagnei , R. tindoria , R. fuciformis, and R. phycopsis) which are 
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collected on the coasts of the warmer oceans, and the crustaeeous lichen, Ochrolechia 
tartarea , in North Europe and America. 


Since the sexual reproduction is restricted to the fungus, it appears 
questionable whether the Lichens should be treated as a distinct class 
of plants. In favour of this procedure is the fact that the lichen-fungi 
as a rule are only able to grow under natural conditions when they 
have the appropriate algae at their disposal. Further, quite definite 
morphological characters and metabolic products appear in the sym- 



Fm. 440 . — Funarin hygrometrica. A , Germinating spore ; <x t exine. Z>\ I’roLoneimi ; l:n, buds ; 
r, rhizoids ; s, spore. (Magnified. After Mullkh-Tuurgau.) 

biosis of fungus and alga ; features that are exhibited by neither 
partner when grown in isolation. 


II. BRYOPHYTA (MOSSES AND LIVERWORTS) (b ,)2 ln ) 

The Bryophyta comprise two classes, the Ilepaticae or Liver- 
worts, and the Musci or Mosses. They are distinguished from the 
Thallophyta by the characteristic structure of their sexual organs, 
ANTHKRiDiA and ARCHEGONIA, which are similar to those of the 
Pteridophyta. The Bryophyta and Pteridophyta are accordingly, 
in contrast to the Thallophyta, referred to collectively as Arche- 
goniatae . 

The course of the life-history of a Bryophyte (Fig. 481) is briefly 
as follows : 
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The unicellular, haploid spore forms on germination a filamentous 
green protonema (Fig. 449) which is highly developed in some groups 
but in others only very slightly. The plants arise as lateral buds on 
the protonema and have either the form of a lobed tballus ( e.g . Figs. 
460, 465, 466) or exhibit a segmentation into stem and leaves (Figs. 
468, 475); they never have roots but are attached to the substratum 




Fia. 450. — Marchantia pnlymorpha. 
A, Nearly ripe antlieridium in sec- 
tion ; p, paraphyses. B, Spermato- 
zoid. (A X 90, B X 600. After 
Strasburger.) C, Spermatozoid of 
Ricoardia pinguis (x 1000. After 
Showalter.) 



Fig. 451 .— Marchantia polymorpha. A, Young, B, mature 
archegoniurn ; C, fertilised arehegoniiun, with dividing 
egg-cell, fc', Neck-canal-cells ; /c", ventral-canal -cel 1 ; 
o, egg-cell ; pr, pseudo-perianth. ( x 540. After Strah- 
BURGER.) 


by rhizoids. The sexual organs, antheridia, and archegonia arise on 
the plant of the Moss or Liverwort. 

The antheridia ( 93, 94 ) (Fig. 450) are spherical or club-shaped 
structures borne on multicellular stalks. The wall consists of one 
layer of cells, and encloses a large number of small, cubical, sperma- 
tozoid mother-cells. The antheridia open at the tip and liberate 
numerous spermatozoids ; these have the form of short spirally- 
wound filaments, which mainly consist of the nucleus, and bear two 
long, delicate cilia close to the anterior end (Fig. 450). 

The ARCHEGONIA (Fig. 451) ( 93 ) are short- stalked, flask-shaped 
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organs in which a venter and neck can be distinguished. The wall 
of the ventral portion encloses a large central cell, which divides 
shortly before maturity 
to give rise to the egg- 
cell and the ventral- 

canal - cell. The latter 

is situated at the base 
of the neck, just below 

a central row of neck- 

canal-cells. The neck 

opens by the swelling 
of the mucilaginous 

contents of the upper- 
most cells which rupture 

the CUticle and often Fio. 452.— A, Summit of the empty anthendium of 1‘olytrichum 

become rolled back as cut in half and showing the dehiscence cap. (After Goebel.) 

- ... /rt . . T>x i>\ Opened neck of the archegonmm of Mmum undulatum. 

four lobes (Fig. 452 B) (Aftor ZlELINSKI , 

( 95a ). The canal-cells 

become mucilaginous. Since water is essential for the process of 
fertilisation, this only takes place in land-forms after wetting by 

rain or dew. The movement of the 

spermatozoids towards the archegonia, 
and down the neck-canal to the egg- 
cell is directed by particular substances 
I A diffusing from the archegonium. 

Antheridia and archegonia are homologous 
organs, as is shown by the occurrence of 
structures of intermediate nature ; the ventral- 
canal-cell and neck - canal - cells are to be 
regarded as gametes which have become 
functionless. The ventral-canal-cell is as a 
rule smaller than the egg ; occasionally several 
egg-cells may be developed in an archegonial 
venter. 

On fertilisation (Fig. 453) the 
egg- cell becomes the diploid zygote, 
Fio. 453 .— Peiiia Fdbbroniana. a, tfper- which, without any resting period, 
matozoid (s) in the egg-ceii b, enter- develops directly into the embryo 

ing the nucleus, (x 1050. After . ■> , • ■, ■. . 

show alter > still enclosed in the archegonium. 

The l a sal portion of the embryo 
(foot) penetrates the tissue beneath the archegonium, but the 
main growth is towards the summit of the archegonium. This 
upper portion of the sporogonium forms a stalked, spherical or oval 
capsule (Fig. 481) in which numerous spores are produced. Since 
the neck-canal is too narrow to be penetrated by the growing embryo, 
and the wall of the venter can only keep pace with the growth of 

2 I 
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the embryo for a time, the archegonial wall ultimately becomes 



Fio. 454.— Development of the anthendiura in Fegatellaconica, 
one of the Marchantiaceae. A, Unicellular stage. B, The 


ruptured, as a rule, in 
its ventral portion (Fig. 
481). When this is 
the case, the upper part 
of the archegonium is 
carried up by the 
capsule as a more or 
less definite cap (calyp- 
tra), while its lower 
part remains as a sheath 
around the stalk of 
the sporogonium (Figs. 
471 C, 472, 473). 

The spores arise in 
groups of four (tkt- 


stalk-cell ( st ) cut off. C, D, Antheridium divided into a RADS) from the inner 
row of ceils which in turn are divided by longitudinal 
walls. E , Cutting off of the layer of cells to form the wall 
(w). F, Advanced stage of development. ( A-E x 400 ; which is termed the 


tissue of the capsule 


» F x 220. After Boli.eter.) 


ARCHESPORIUM. This 


results by two successive cell-divisions of the spore-mother-cells which 


have separated from one another 
and rounded off ; in these divisions 
reduction in number of the chromo- 
somes and sex-determination is 
effected. The wall of the spore has 
two layers, consisting of a delicate 
inner endospore and a cutinised 
exospore ; the latter is ruptured 
on germination. The spores give 
rise, according to the species, to 
monoecious or dioecious plants. 

The Bryophyta are characterised by 
a great power of regeneration from cut 
portions of all the organs. Vegetative 
reproduction by means of gemmae, etc., is 
widespread ; they arise on the thallus, on 



stems, on leaves, and on the protonema Fm. 455.— Development of the antheridium of 
in a great variety of ways, becoming a Moss. Funaria hygrometrica. A, Primor- 
senarated later ( m ) dlum of an antheridium divided into four 

F V cells. B, Formation of the apical cell from 


The Bryophyta include two the uppermost cell. C, Division of the apical 
.. T • , cel1 * D > The separation of the wall-layer and 

well-marked classes ; the Liverworts the ceils that will give rise to the spermato- 

(Hepaticae) and the Mosses (Musci). genous tissue. E, Same stage in transverse 

These are distinguished, in addition 8ection - F - ol,,er 8tage - < After "• c ‘ M1 ' I,ELL -> 
to characters of the vegetative plant-body, by the mode of develop- 
ment of the sexual organs and of the sporogonium. 




DIV. I 


BRYOPHYTA 


483 



Fki. 456.— Development of the archegoniumof a Liverwort. 
A (longitudinal section) and B (transverse section), 
showing the upper cell divided by three walls. C, The 
central cell divided into cap-cell (d ) and internal cell (t). 
i>, Tlie internal cell divided into the cells which will give 
rise to the neck-canal -ceils (h k), and the ovum and 
ventral-canal-cells (r) respectively ; st, young stalk. 
(After Goebel.) 


The antheridia and archegonia always develop from superficial cells. 

In the Liverworts the main features of the development of the antheridiura 
are as follows : A superficial cell divides transversely into disc-shaped segments, 
and each of the latter is divided 
by walls standing at right angles y 

to one another into four cells. ( \ I \ I \ — A 2 
In these quadrants tangential 
walls separate the peripheral 
cells forming the antheridial wall 
from inner cells which go to 
form the spermatogenous tissue 
(Fig. 454 A-F). 

In the Mosses on the other 
hand, after preliminary trans- 
verse divisions a two-sided initial 
cell is defined by two oblique 
walls in the uppermost segment ; 
this cuts off two rows of segment- 

cells in which the separation cells of the wall-cells from inner cells, giving rise to 
spermatogenous tissue, follows (Fig. 455 A~F). 

The opening of the antheridia takes place at their tips ; in Liverworts by all 

the cells of the wall becoming 
mucilaginous and swelling, in the 
Mosses by means of a special cap 
of cells, the mucilaginous contents 
of which swell and rupture the 
cuticle (Fig. 452 A). 

The spermatozoids (Fig. 450, 

C) react chemotactically, in the 
case of the Liverworts, to proteid 
substances, etc., and in the Mosses 
to solutions of cane sugar ( 956 ). 

Development of the Akche- 
gonia. In Liverworts a superficial 
cell divides into a lower cell, which 
forms the stalk, and an upper cell. 
I 11 the latter three longitudinal 
walls separate three outer cells 
from a median cell ; the latter is 
then divided by a transverse wall 
into a cap-cell and an inner cell. 
The outer cells give rise to the 
wall of the neck and venter of the 
arehegonium ; from the inner cell 
are derived the neck-canal-cells 
(4 or 8), the ventral-canal-cell and 
the egg-cell (Fig. 456). 

In the Mosses, on the other hand, a two-sided initial cell is established, the 
segments of which go to form the stalk. The terminal two-sided cell then divides 
by three oblique walls and one transverse wall to give rise to three peripheral 
wall -cells, a three-sided terminal cell with a transverse lower wall, and below 
the latter a centrally placed cell. This central cell gives rise to the egg, the 



Fio. 457.— Development of the sporogomum of Corsinxa 
marchantioides , one of the Marchantiaceae. A, The 
zygote divided into 1 6 cells. li , The lo wer half of tlie 
embryo developing as foot, the upper as capsule ; w, 
wall -cells; ar, archespoiium. (x 170.) C, Older 
sporogomum. The archespoiium has given rise to 
spore- mother-cel Is and small sterile cells which in 
Corsinm do not develop further into elaters. ( x DO.) 
(After K. Meyer.) 
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ventral-canal-cell and some of the neck-canal-cells. By the segmentation of the 



Fig. 458.— Development of the sporogonium of the Moss, Funaria hygrometrica. A, B, Longitudinal 
sections showing first stages in the development from the zygote s, apical cell. C-E, Transverse 
sections : C, division into endothecium (e) and ampliithecium (a) ; D, further divided stage ; 
E, older sporogonium, in the endothecium of which the outermost layer is distinct as the 
archesporium (ar) from the columella (c). (After Campbell.) 

terminal cell the wall-cells of the neck and the uppermost neck-canal-cells (10-30 
or more) are produced. 

In the development of the sporogonium ( w ) in the Liverworts the zygote 

divides transversely and longi- 
tudinally into eight cells, 
then by radial walls into 
sixteen cells, and these then 
divide by periclinal walls into 
outer and inner cells (Fig. 
457). From the lower half of 
this embryo the foot and the 
short seta originate and from 
the upper portion the cap- 
sule. The central cells of the 
latter (archesporium) give 
rise to the sporogenous tisane. 
Each cell of the archesporium 
Fig. 459. — Funaria hygrometrica. Transverse section becomes divided into a 
through the archesporium {A, su), and the groups of still narrower and a broader 
connected spore - mother - cells derived from (B, m). dau ghter . cell> Tho broader 

(After oebel. cells, either directly or after 

further divisions, become spore-mother-cells. The narrow cells, as a rule, grow 
into fibre-like structures, with spiral thickening bands, the elaters, which, on 
the opening of the capsule, loosen and disperse the spores by their hygroscopic 
movements. 
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In the Mosses the zygote also divides transversely to begin with, forming an 
elongated embryo composed of transversely placed segments. In typical cases, 
oblique walls then form in the uppermost cell and determine a two-sided apical 
cell (Fig. 458 A , B ), which proceeds to cut off segments to the right and left, and 
these divide further. In the segments which go to form the capsule there is 
first a longitudinal division ; in the resulting quadrants periclinal walls then 
separate outer cells (amphithecium) from inner cells (endothecium) (Fig. 458 C, 
D). The outermost layer of cells of the endothecium becomes the archesporium 
(E), which at once divides to give rise to spore-mother-cells ; these later divide 
to give rise to four spores from each. There are no sterile cells or elaters (Fig. 
459). The inner cells of the endothecium, on the other hand, are not concerned 
with the production of spores, but form a strand of sterile tissue (the columella), 
(Figs. 458 E, 461 E ), which serves for conduction. This is surrounded by the 
spore- sac. 

Deviations from the types described occur in the various orders and will be 
referred to, so far as is necessary, in the following account of the groups. 

Class I 

Hepaticae (Liverworts) (L 92 » 93 > 96 103 ) 

Most Liverworts inhabit moist situations and have a corresponding hygro- 
morphic structure. True aquatic forms are, however, only sparingly represented. 
Some delicate forms grow among Mosses. Forms which live in extremely dry 
habitats on the bark of trees, on rocks, or on the ground are relatively infrequent ; 
these have xeromorphic structure and arrangements for the storage of water. 
Among the epiphytes, those that grow on leaves in tropical forests (epiphyllous 
liverworts) are noteworthy. As a rule, the Liverworts play an inconsiderable 
part in the composition of cryptogarnic plant-formations. 

In the Liverworts, the protonema is always developed merely as a short tube. 

The Hepaticae are divided, according to the structure of the sporogonium and 
the segmentation exhibited by the sexual plant, into three orders, the Antho- 
cerotales, Marchantiales, and the Jungermanniales. 

Order 1. Anthocerotales ( 101 ) 

This isolated group, including only a few forms, may be regarded as a primitive 
order of Bryophyta. The sporogonium is characterised by a more complicated 
internal construction than in the other Liverworts, in which it has undergone 
progressive simplification. 

The gam etophyte has the form of a lobed thallus, which is firmly anchored 
to the soil by means of rhizoids. The cells of the thallus contain, in contrast to 
those of other Bryophyta, a single large chloroplast with a pyrenoid resembling 
the chloroplasts of some Algae. On the lower surface, and less commonly on 
the upper, typical stomata witli two guard-cells occur. The antheridia arise 
singly or in groups of four, by the division of a cell lying below the epidermis 
(Fig. 461) ; they remain enclosed in cavities beneath the upper surface of the 
thallus until maturity. The origin of the antheridia thus differs from what is 
the case in all other Archegoniatae in being endogenous ; a superficial cell 
divides into an outer segment, forming the roof of the cavity ( d ), and an 
inner one (a), which becomes the mother-cell of the antheridia. The cavity 
opens at maturity by mucilage-formation in the cells of the outer wall. The 
archkgonia are sunk in the upper surface of tho thallus ; after fertilisation they 
become covered over by a many-layered wall (marsupium) formed by the growth 
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of the adjoining tissue. This envelope is afterwards ruptured by the elongat- 
ing capsule, and forms a sheath at its base. The sporogoniijm consists of a 
swollen foot and a long, pod-shaped capsule ; it lias no stalk. The superficial 

cells of the foot grow out into rhizoid-liko papillae. 
The capsule splits longitudinally into two valves, 
and has a central hair-like columella formed of a 
few rows of sterile cells (Fig. 461). The columella 
does not extend to the apex of the capsule, but 
is surmounted by a narrow layer of sporogenous 
cells. Elaters also occur ; they are multicellular, 
variously shaped, and often forked. The sporo- 
gonia, unlike those of all other Hepaticae, do not 
ripen simultaneously throughout their whole 
length, but from the tips downwards, and continue 
Pio. 460. Anthoceros laevis. sp , to elongate by basal growth. The wall of the sporo- 
gize j v gonium possesses stomata, which do not occur in 

other Liverworts ; chlorophyll is present in its cells. 

On the under side of the thallus, cavities filled with mucilage occur beneath 
the stomata. Nostoc filaments penetrate into these cavities, and develop into 
endophytic colonies ( llla ). 

Order 2. Marchantiales ( 102 ) 

The Liverworts included in this order in many genera have a decidedly com- 
plicated structure. Marchantia polymorpha, found growing on damp soil, may 



Fig. 461 . — Anthoceros Prarsoni . Development of tho endogenous antheridium. d, Covering cells ; 

st , stalk-cells ; a, young antheridium. K t Notothylns. Young sporogomum. Co, columella ; 

As, archesporium. (After D. Campbell.) 

serve as an example. It forms a flat, deeply-lobed, dichotomously-branched 
thallus, about two centimetres wide, and having an inconspicuous midrib 
(Fig. 464 A, Fig. 465 A). From the under side of the thallus spring uni- 
cellular rhizoids, some of which have smooth walls and serve mainly to attach 
the thallus, while others have conical thickenings projecting into the cell- 
cavity (Fig. 30) ; these peg-rhizoids are collected to form a wick-like strand below 
the midrib. The thallus is provided also with ventral scales, consisting of a 
single layer of cells. The dorsiventrality of the thallus is further shown by its 
complicated anatomical structure. With the naked eye it may be seen that the 
upper surface of the thallus is divided into small rhombic areas. Each area is 
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perforated by a central air-pore leading into a corresponding air-chamber immedi- 
ately below (Fig. 462 A , B). The lateral walls of the air-chambers determine the 
configuration of the rhombic areas. The air-pore in the roofing wall of each 
chamber is in the form of a short canal, bounded by a wall formed of several tiers of 
cells, each tier comprising four cells. Numerous short filaments, consisting of rows 
of nearly spherical cells containing chlorophyll grains, project from the floor of the 
air-chambers and perform the functions of assimilating tissue. Chlorophyll 
grains are found also in the walls and roof of the chambers, but only in small 
numbers. The intensity of the illumination exercises a great influence on the 
formation of air-chambers ; when the illumination is very weak they may not 
occur at all. The epidermis on the under side of the thallus is formed of one layer 
of cells. The tissue below the air-chamber layer is devoid of chlorophyll, and 
consists of large parenchymatous cells, which serve as storage cells. 

Small cup-shaped outgrowths, with toothed margins, the gemmiferous receptacles 
or gemma-cups, are generally found situated on the upper surface of the thallus 



Fig. 462. — Surfaco view and transverse section of the thallus of Marchantia polymorpha. A, 
shows an air-pore from above, and li, the pore m section ; e, epidermis ; s, cells bounding the 
air-pore ; l, air-chamber; a, assimilation tissue ; o, oil-bodies; w, water-storage tissue. (After 
Strasburuer and Koernicke. x 240.) 


over the midribs (Fig. 464 b). These contain a number of stalked gemmae, flat 
bodies of a green colour. The gemmae arise by the protrusion and repeated 
division of a single epidermal cell (Fig. 463) ; at maturity they become detached 
from the stalk (at x, Fig. 463 D ). They are provided with two growing points, 
one at each of the marginal constrictions, from which their further development 
into new plants proceeds. On cross-section {£) they are seen to be composed of 
several layers of cells ; some of the cells are filled with oil bodies (J9, o), while 
from other colourless cells rhizoids develop. Cells containing oil are also present 
in the mature thallus, and are of frequent occurrence in all the Hepaticae. By 
means of the abundantly-developed gemmae Marchantia is enabled to multiply 
vegetatively to an enormous extent. The dorsiventrality of the plants developed 
from the gemmae is determined by the influence of light. 

The sexual organs, antheridia and archegonia, aro borne on special erect 
branches of the thallus. The reproductive branches, which are contracted below into 
a stalk* expand above into a stellately branched upper portion. In this species, 
which is dioecious, the antheridia and archegonia develop on different plants. 
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The branches producing the male organs terminate in lobed discs, which bear the 
antheridia on their upper sides in flask -shaped depressions, each containing an 
antheridium (Fig. 464 B). The depressions, into each of which a narrow canal 
leads, are separated from each other by tissue provided with air-chambers. The 
spermatozoids collect in a drop of water on the disc, the margin of which serves 
to retain the water. 

The female branches terminate each in a nine-rayed disc (Fig. 465 A). The upper 
surface of the disc, between the rays, becomes displaced downwards in the process of 
growth, and, as the archegonia are borne on. these portions, they seem to arise from 
the under side of the disc. The archegonia are disposed in radial rows between the 
rays, each row being surrounded by a toothed lamella or sheath (perichaetium) 
( B , C, h ). For structure of the archegonia see Fig. 451 and description. 


Fertilisation takes place 



Fio. 463. — Marchantia polymorpha. A - C, 
Successive stages in the formation of a 
gemma ; st , stalk-cell ; D, surface view ; 
E , transverse section of a gemma; x, 
point of attachment to stalk ; o, oil-cells ; 
r, colourless cells with granular contents, 
from which the rhizoids will develop. 
(A-C x 275 ; Z>-£x 65. After Kny.) 


rain, the raindrops splashing the liquid on 
the male discs which contains the sper- 
matozoids on to the female receptacles. 
The epidermal cells of the latter project 
as papillae and constitute a superficial 
capillary system in which the sperma- 
tozoids are conducted to the archegonia. 



Fio. 464 . — Marchantia polymorpha. A , A male 
plant, with antheridiophores and geinma-cups b 
(nat. size). B, Section of young antheridiophore ; 
a, antheridia ; thallus ; s, ventral scales ; r, 
rhizoids. (Somewhat magnified.) 


The fertilised egg-cell gives rise to a multicellular embryo (Fig. 451 C), and 
this, by further division and progressive differentiation, develops into a stalked, 
oval sporogonium. The capsule of the sporogonium is provided with a wall con- 
sisting of one layer of cells except at the apex, where it is two-layered ; the cell- walls 
have thickened bands. The capsule ruptures at the apex, the lid falling off and 
the wall splitting into a number of recurved teeth. The ripe capsule, before the 
elongation of the stalk, remains enclosed in the archegonium wall (Fig. 465 D , 
aw), which, for a time, keeps pace in its growth with that of the capsule. As 
the stalk elongates, the archegonial wall or calyptra is broken through and 
remains behind, as a sheath, at the base of the sporogonium (F, c ). The capsule 
is surrounded also by the pseudo-perianth, an open sac-like envelope which 
grows, before fertilisation, out of the short stalk of the archegonium (Fig. 451 
0, pr ; Fig. 465 D,'E, p). The capsule contains spores (some 300,000) and elaters 
(Fig. 465 F, G). 
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Marchantia was formerly used in the treatment of diseases of the liver ; this 
fact explains the origin of the name Liverwort. 

The Ricciaceae ( 103 ) exhibit a simplification of the sporogonium and connect 



Fio. 465. —Af archant ia pdymorpha. A, A female plant, with four arehegoniophores of different ages; 
b, gemma-cups (nat. size). B, Under side of receptacle; st, rays; 7i, sheath; sp, sporogonium 
( x 3). C, Half of a receptacle, divided longitudinally ( x 5). D, Longitudinal section of a young 
sporogonium ; spf \ the foot ; sp , sporogenous tissue ; kw, wall of capsule ; aw, wall, and 7i, 
neck, of arcliegonium ; p, pseudo-perianth (x70). E, Ruptured sporogonium; k, capsule; s, 
spores and elaters ; p, pseudo-perianth ; c, archegonial wall ( x 10). F, An elater. G, Ripe 
sjx>res (x 315). If, Germinating spore (s) ; vk, germ-tube; k , germ-disc, with the apical cell v 
and rhizoid rh ( x 100). (C, E after Bischoff ; B, D , F-H after Kny.) 


on as reduced forms to the more simply constructed Marchantiaceae. The 
dichotomously-lobed or cleft thallus forms small rosettes, and grows on damp 
soil, or floating, or submerged in water. Differences in habit are found in relation 
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to the situation in which the plants occur (Fig. 466 B , C). The antheridia and 
archegonia are sunk in the surface of the upper side of the thallus. From the 
fertilised egg-cell is developed a spherical sporogonium which has no stalk. 
The wall of the sporogonium consists of a single layer of cells ; it becomes 



ABC 


Fio. 466. — A, Riccia fluitans; submerged floating form. B , Riccia natans ; land-form. (Nat. 
size. B after Goebel.) C, Riccia nataris ; floating form with long ventral scales. (After 
Bischoff. x2.) 



disorganised during the ripening of the spores, which are eventually set free by 
the rupture and disintegration of the venter and the surrounding cells of the 
thallus. There are no elaters, all the 
cells of the archesporium becoming spore- 
mother-cells. 

Order 3. Jungennanniales 

These are usually small forms which 
grow on the ground or on tree- trunks, 


Fio. Atfl.—Blasia fusilla. s, Sporogonium ; 
r, rhizoids. (x 2.) 


Fio. 468,—Plagiochila as'pknioides. 
9 , Sporogonium. (Nat. size.) 


and in the tropics on the surface of living leaves. In the simplest forms of 
this order the thallus is broadly lobed, similar to that of Marchantia ( e.g . Bilim 
epiphylla , frequently found on damp ground) ; or, like that of Iiiccia fluitans, 
it is narrow and ribbon-shaped, and at the same time profusely branched (e.g. 
Metzger ia fur cata, Fig. 91). In other forms, again, the broad, deeply lobed thallus 
has an evident midrib, and its margins, as in the case of Jilasia pndlla (Fig. 
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467), exhibit an incipient segmentation into leaf-like members. The majority of 
Jungermarmiaceae, however, show a distinct segmentation into a prostrate or ascend- 
ing, dorsiventral stem and leaves (Fig. 468). The latter consist of one layer of 
cells without a midrib, and are inserted with obliquely directed laminae in two 
rows on the flanks of the stem. Many genera ( e.g . Frullania Tamarisci , a 
delicately-branched Liverwort of a brownish colour occurring on rocks and tree- 
trunks) have also a ventral row of small scale-like leaves or amphigastria (Fig. 
469). The dorsal leaves are frequently divided into an upper and lower lobe. 
In species growing in dry places, like Frullania Tamarisci , the lower lobe may 
be modified into a sac, and serves as a capillary water -reservoir. The leaves 
regularly overlap each other ; they are then said to be overshot, when the 
posterior edges of the leaves are overlapped by the anterior edges of those next 
below ( Frullania , Fig. 469), or under- 
shot, if the posterior edges of the 
leaves overlap the anterior edges of 
the leaves next below ( Plagiochila , 

Fig. 468). 

The development of the anthkr- 
idium differs somewhat from the type 
described in the introduction above. 


Fia. 400. — Fart of a shoot of Frullania Tama - 
risci, seen from below, o, Dorsal leaves 
with the lower lobes (■«•«) modi tied as water- 
8acs ; a, amphigastrium. (x 35.) 

Only the uppermost of the transverse segments into which the young antlier- 
idium is divided forms the body of the antheridium. This cell is first divided 
into two by a vertical wall. In each of these, two oblique longitudinal walls 
form and thus the wall of the antheridium is separated from the spermatogenous 
tissue. 

The fertilised egg first divides transversely to give rise to a row of cells ; the 
lowest of these forms a suctorial organ which is sometimes multicellular, but as 
a rule unicellular. The upper cells give rise to the loot and the stalked capsule. 

The storogonium is already fully developed before it is pushed through the 
apex of the archegonial wall by the elongating delicate stalk. It has a spherical 
capsule which on rupturing splits into four valves. No columella is formed in 
the capsule ; but it always produces elaters in addition to s}>ores. In some 
genera ( Pellia , Aneura) there are special elaterophores which consist of groups of 
sterile cells resembling the elaters. The wall of the capsule (usually two or 




Fio. 470 .— Haplomitrium Hoolceri. ■ a, Origin of 
a new shoot ; r, rhizome ; o, lower limit of 
the aerial shoot. (After Gottsche.) 
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several cells thick) consists of cells with annular or band-like thickenings, or the 
walls are uniformly thickened with the exception of the outermost walls. 
Dehiscence is dependent on the cohesive power of the water in these cells pulling 
the outer walls into the cavity. 

According to the position of the sexual organs and sporogonium the Junger- 
manniales are divided into groups. 1. In the Anakrogynae the apex is not 
used up in the formation of the archegonia, and the sporogonia are situated on 
the dorsal surface and are surrounded by a sheath-like outgrowth of the thallus 
forming a perichaetium. To this group belong the thalloid forms ( Pellia , Metzgeria ) 
and others showing a transition to the foliose forms ( Blasia ). 2. In the 
Akrogynae, on the other hand, the archegonia and the sporogonium stand at the 
end of the main stem, or of a branch, and are surrounded by a perianth formed of 
modified leaves. To this group belong the dorsiventral leafy forms, e.g . Plagiochila , 
Frullania , and Jungermannia , a genus with numerous species. 3. The Haplo- 
mitrieae hold an isolated position, but appear to exhibit the closest connection with 
the Anakrogynae. This order contains only two genera, Calobryum y occurring 
in the tropics, and Haplomitrium. The single species of the latter genus, If. 
Hookeri (Fig. 470), occurs in Europe, and possibly is a survival of pre-glacial 
Liverworts. The Calobryaceae differ from all other Liverworts in the radial con- 
struction of their shoot, which bears three rows of leaves. The sexual organs form 
terminal groups in Calobryum ; in Haplomitrium they occur between the upper 
leaves. 


Class II 

Musci (Mosses) 92 » 93 > 104 m ) 

The Mosses include a large number of forms distributed in all parts of the 
world. They grow on dry soil, in swamps, on rocks, on tree-trunks and in 
tropical forests, also as epiphytes on the branches, and less commonly in water ; 
their structure is correspondingly various. Close tufts or masses are especially 
characteristic of dry habitats, while the typical inhabitants of the soil of woods 
have a looser mode of growth. In the moist mountain forests of the tropics and 
sub-tropics Mosses often grow in considerable masses surrounding the branches or 
hanging in long veil-like masses from them ( 105 ). The Bog-Mosses form extensive 
growths on moors, as also do others (especially Polytrichum) on the moist soil in 
the arctic moss-tundras. 

The profusely-branched protonema of the Mosses appears to the 
naked eye as a felted growth of fine, green filaments (Fig. 449). 
Branched filaments without chlorophyll extend into the soil, and in 
these rhizoids the oblique position of the cell-walls is characteristic. 
The young moss-plants are developed on the protonema as small 
buds, which arise as protrusions of cells of the filament, usually from 
the basal cell of one of the branches. The protrusion is cut off by a 
transverse septum, and, after the separation of one or two stalk-cells, 
the three-sided pyramidal apical cell of the moss-plant is delimited 
in the enlarged terminal cell ( 106a ). The moss-plants are always 
differentiated into stem and leaf. The Mosses may be readily dis- 
tinguished from the foliose Jungermanniaceae by the spiral arrange- 
ment of their small leaves, which are rarely arranged in two rows. 
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In Mosses which have prostrate stems, the leaves, although arranged 
spirally, frequently assume a somewhat outspread position, and all 
face one way, so that in such cases a distinction between an upper 
and a lower side is manifested, but in a manner different from that 
of the Liverworts. 

The sexual organs are always borne in groups at the apices 
either of the main axes or of small, lateral branches, surrounded by the 



Fio. 471.— Sphagnum fimbriatum: A, A shoot with four ripe sporogonia. Sphagnum »iuarrosum : 
B, A lateral shoot with a terminal sporogonimn ; ca, ruptured calyptra ; d, operculum. 
Sphagnum acutifolium : C, a young sporogonium in longitudinal section; ps, pseudopodium; 
ca, archegonial wall or calyptra ; ah, neck of archegonium : . K pf, foot of sporogonium ; k, 
capsule; co, columella; spo , spore-sac with spores, (i; and C alter \V. P. Schimper ; A, nat. 
size ; the other ligures magnified.) 


upper leaves of the latter, which frequently have a distinctive structure, 
and are known as the perichaetium (Fig. 475). Between the sexual 
organs there are usually present a number of multicellular hairs or 
paraphyses, the terminal cells of which are often enlarged and 
spherical. The moss-plants may be monoecious, in which case both 
kinds of sexual organs are borne on the same plant either in the same 
or different receptacles ; or dioecious, and then the antheridia and arche- 
gonia arise on different plants. In some dioecious Mosses the male 
plants are very small dwarf-plants, which, after forming a few small 
leaves, proceed to produce antheridia ( 107 ). 
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The archegonia and antheridia of Mosses differ in their development from those 
of other Archegoniatae by being formed by the segmentation of an apical cell, 
which in the case of the antheridia is two- 
sided, and in that of the archegonia, three- 
sided. 


After fertilisation the lower portion 
of the embryo which serves as an 
absorbent organ or foot penetrates the 
proliferating tissue of the stalk of the 
archegonium or even into the tissue of 
the upper portion of the stem. 

The sporogonium of the Mosses ( 108 ) 
develops a capsule with an axial COLU- 
MELLA consisting of sterile tissue (Fig. 
477). The spore-sac surrounds the 
columella, which conducts and accumu- 




Fio. 472 .— Andreaea petrophila. ps, Pseudopodium ; 
Spf, foot ; k, capsule ; c, calyptra. ( x 12.) 


Fio. 473 . — Polytrichum commune, rh , Ithi- 
zoids ; s , seta ; c, calyptra ; ap , apophysis ; 
d, operculum. (Nat. size.) 


lates food-material and water for the developing spores. Elaters are 
never formed. In the young sporogonium outside the spore-sac a well- 
developed assimilating tissue is present; this is bounded by water - 
storage tissue and an epidermis. In most Mosses stomata are found on 
the lower part of the capsule. The ripe capsule exhibits a variety of 
peculiar structures to facilitate the opening and the distribution of the 
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spores. The stalk or seta raises the capsules so that the spores are 
readily dispersed by wind. The remains of the archegonial wall are 
carried up on the capsule as the well-developed calyptra. Distinctive 
variations in the mode of development and structure of the capsules 
are exhibited by the three orders of the Musci : Sphagnales , Andreaeales , 
and Bryales. 

Order 1. Sphagnales ( 109 ) 

The Sphagnaceae, or Bog Mosses, are the only family and include only a single 
genus, Sphagnum, containing many species. The Bog Mosses grow in swampy places, 
and form large tussocks saturated with water. The upper extremities of the stems 
continue their growth from year to year, while the lower portions die away and 
become eventually converted into peat. The protonema which is developed from 
the spore is not filamentous, but forms a small, lobed, liat, thalloid structure. 

The stems are pro- 
fusely branched. Of the 
numerous lateral branches 
arising from each of the 
shoots, some grow up- 
wards and form the apical 
tufts or heads at the 
summits of the stems ; 
others, which are more 
elongated and flagelliform 
in shape, turn downwards 
and envelop the lower 
portions of the stem 
(Fig. 471 A). Every year 
one branch below the 
apex develops as strongly 
as the mother-shoot, so 
that the stem becomes 
falsely bifurcated. By the 
gradual death of the stem 
from below upwards the 
independent plants. The cortex of the stem consists of three or four layers of 
empty cells with perforations in their walls which have annular or spiral thicken- 
ings ; these cells absorb water readily. Similar cells are present in the leaves, 
where they occupy the meshes of a network of elongated living cells with chloro- 
plasts ; the two kinds of cells make up the one-layered leaf. This peculiar 
capillary apparatus is of use in the absorption of water. 

Special branches of the tufted heads are distinguishable by their different 
structure and colour ; on these the sexual organs are produced. The male branches 
give rise, beside the leaves, to spherical stalked antheridia. The archegonia are 
borne at the tips of the female branches. In contrast to other Mosses, and in 
agreement with Liverworts, they do not grow by means of an apical cell cutting off 
three rows of segments. Tho sporogonium develops a short stalk with an ex- 
panded foot {B, C), but remain for a time enclosed by the archegonial wall or 
calyptra. The archesporium does not arise from the endothecium but from the 
innermost layer of the amphithecium. Upon the rupture of the archegonium, the 
calyptra persists as in the Hepaticae, at the base of the sporogonium. The 



Fio. 474.— Schistostega osmundaeea. A, Sterile ; B , fertile plant, 
(x 5.) C, Protonema. (x 00. After Noll.) 

daughter-shoots become separated from it, and form 
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capsule is spherical and has a dome-shaped columella, which in turn is overarched 
by a hemispherical spore-sac ( spo ) ; this is possibly an indication of afljnity with 
the Anthocerotales. It opens by the removal of an operculum. The ripe sporo- 
gonium is borne upon a prolongation of the stem-axis, the pseudopodium, which 
is expanded at the top to receive the foot. The pseudopodium develops after the 
fertilisation of the archegonium. 


Order 2. Andreaeales 


The Andreaeales comprise only the one genus, Andreaea , small, brownish, 
caespitose Mosses growing on rocks. The sporogonium is also terminal in this 



Fio. 475. — Mniwm, undulatum. Orthotropous 
shoot terminating in a male receptacle sur- 
rounded by involucral leaves. The lateral 
shoots are plagiotropous. (After Goebel.) 


Fio. 47 Q.—Scleropodium, pui'um. (Nat. size.) 



order. The capsule, at first provided with a calyptra, splits into four longitudinal 
valves (schizocarpous), which remain united at the base and apex (Fig. 472). 
The stalk is short, and is expanded at the base into a foot (Spf), which in turn is 
borne, as in Sphagnum , on a pseudopodium ( ps ). The protonema is to begin with, 
a small group of cells, and as it develops becomes ribbon-shaped. 


Order 3. Bryales ( 110 ) 

In this order, which includes the great majority of all the true Mosses, the 
moss-capsule attains its most complicated structure. The ripe sporogonium, 
developed from the fertilised egg, consists of a long stalk, the seta (Fig. 473 a), 
with a foot at its base, sunk in the tissue of the mother-plant, and of a 
capsule, which in its young stages is surmounted by a hood or calyptra. 
The calyptra is thrown off before the spores are ripe. It consists of one or two 
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layers of elongated cells, and originally formed part of the wall of the archegonium ; 
this, at first, enclosed the embryo, growing in size as it grew, until, finally 
ruptured by the elongation of the seta, it was carried up as a cap, covering the 
capsule. It consists of several layers of cells and, especially in forms which occupy 
dry habitats, bears hairs that correspond to protonemal threads of limited growth. 
In some Mosses ( e.g . Funaria) the young calyptra is distended and serves as a 
reservoir of water for the young sporogonium ( 110d ). The upper part of the seta, 
where it joins the capsule, is termed the apophysis. In Mnium (Fig. 479 A , ap) 
it is scarcely distinguishable, but in Polytrichum commune it has the form of a 
swollen ring-like protuberance (Fig. 473 ap ), while in species of Splachnum it dilates 
into a large collar-like structure of a yellow or red colour. In the latter genus, 
flies, attracted by the bright colour of the apophysis and by the odour, serve to 
distribute the spores ( 110b ). The capsule is traversed throughout its length by 
the columella, around which is the spore-sac. Between the spore-sac and wall 
of the capsule comes an air-space. The upper part of the capsule becomes converted 
into a lid or operculum which is sometimes drawn out into a projecting tip. At 
the margin of the operculum a narrow zone of epidermal cells termed the ring 
or annulus becomes specially differentiated. The cells of the annulus contain 
mucilage, and by their expansion at maturity assist in throwing off the lid. 
In most Mosses the mouth of the dehisced capsule bears a fringe, the peristome, 
consisting usually of tooth-like appendages, but in others this is wanting. 

The peristome of Mnium hornum (Fig. 479), which will serve as an example, 
is double ; the outer peristome is formed of 16 pointed, transversely striped teeth 
inserted on the inner margin of the wall of the capsule. The inner peristome lies 
just within the outer, and consists of cilia-like appendages, which are ribbed on 
the inner side and thus appear transversely striped ; they coalesce at their base into 
a continuous membrane. Two cilia of the inner peristome are always situated 
between each two teeth of the outer row. The teeth and cilia of the peristome 
are formed in this instance of thickened portions of the opposite walls of a single 
layer of cells next to the operculum (Fig. 478), the teeth from portions of the 
external wall, and the cilia from portions of the internal walls of the same 
layer. On the opening of the capsule the unthickened portions of this layer 
break away and the teetli and cilia split apart. 

In the Polytrichaceae the origin of the peristome teeth follows a peculiar type ; 
they are composed of a number of elongated entire thick-walled cells. 

The structure of the peristome varies greatly within the Bryales. By its 
peculiar form and hygroscopic movements the peristome closes the mouth of the 
capsule in moist weather and causes a gradual dissemination of the spores from 
the capsule. In some minute Mosses ( Archidium , Phascum , Pleuridium ) the 
sporogonium is considerably simplified, the formation of operculum, annulus, and 
peristome being suppressed and the spores set free by decay of the capsule. 

Schistostega osmundacea t a moss living in caves, has fertile shoots, which have 
spirally-arranged leaves and bear stalked capsules devoid of peristomes, and also 
other shoots that are sterile, with two rows of leaves (Fig. 474). The protonema 
of this species has peculiarly constructed spherical cells, and gives out an emerald 
phosphorescent light owing to the rays of light passing through the cliloroplasts 
before being reflected back. 

Polytrichum commune and other related Mosses have a peculiar construction 
of their leaves which is an adaptation for the absorption of water and a protection 
against drought. The leaves, which are a number of layers thick, bear on their 
upper surface numerous, longitudinally-running, parallel lamellae ; these consist of 
one layer of cells containing chlorophyll and form the assimilatory tissue of the leaf. 

2 K 
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In the spaces between the lamellae, water is conducted and retained. In dry 
weather the leaf rolls up by means of a cohesion mechanism and is closely applied 
to the stem ; in this way the delicate lamellae are protected from excessive 
transpiration ( im ). 

There are other protective arrangements against drying up, but many Mosses 
can endure dryness without suffering harm. 

The most important generic distinctions are afforded by the form of the 



Fig. 477. — Mnium, hornam. Median longi- 
tudinal section of a half-ripe sporogonium. 
o, Operculum ; p, peristome; an, annulus ; 
c, columella ; s, spore-sac containing the 
spores ; i , air-space ; ap, apophysis ; st 
stomata, (x 18. After Stras burger.) 



through the wall of the capsule in the region 
of the ring, a, Cells of the ring ; 1-4, suc- 
cessive cell layers with the thickened masses 
of the peristome ;'d', d", d'", transverse pro- 
jecting ribs ; c, the coalesced cilia, (x 240. 
After Strabburger.) 


capsule, the characters of the peristome, the operculum, and the calyptra. The 
earlier division of the Bryales into two large sub-groups, the Acrocarpi (with the 
archegonium, and consequently the sporogonium, at the end of the main stem), 
and the Pleurocarpi (with archegonia and sporogonium on short lateral branches), 
is now abandoned as unnatural. In place of it the ontogeny of the peristome is 
used to divide the Bryales into three groups. 

As examples of common mosses may be mentioned Mnium undulatum (Fig. 
475) and M. hornum , Funaria hygrometrica , Polytrichum commune (Fig. 473), 
and members of the Families Neckeraceae and Hypnaceae. Fontinalia antipyretica 
occurs submerged in streams. 
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Survey of the Bryophyta 

The life-history of the Bryophytes is characterised by a clear 
ALTERNATION OF GENERATIONS. The GAMETOPHYTE is the haploid 
plant (including the protonema), and bears the sexual organs — anther- 
idia and archegonia. From the fertilised egg-cell the diploid sporo- 
phyte develops and this stage ends with the asexual spores, in the 
formation of which the reduction-division occurs. The asexual 
generation does not become an independently living plant, but 
remains throughout its life attached to the gametophyte and 
nourished by it (Fig. 481). 


The alternation of generations is not necessarily connected with the alternation 
in the nuclear phases ; this has already been seen from certain facts to be the 

w h 



,A —Mnitilri hor&um. A, Capsule with upper portion of seta; ap , apophysis; p, peristome; 
fc’ separated ogbrculuin. B, Three teeth of the outer peristome seen from the outside ; an, 
us. C, Ijultfr peristome seen from the inside ; w, broader cilia ; h, narrower cilia. 
***'faf^ T; X C x 60.) 


case in the Algae. In the Mosses cut-up setae can be induced to exhibit regenera- 
tion ; the pieces do not, however, form a new sporogonium, but grow out to form 
a gametophyte which, like the sporophyte, is diploid. Fertilisation of the 
diploid egg-cells of such gametophytes, by their diploid spermatozoids, results 
in tetraploid sporogonia. The study of these has enabled investigators, especially 
F. von YVkttstein, to draw important and interesting conclusions. 

There are difficulties in deriving the Bryophyta phylogenetically 
from any particular group of Algae. No intermediate forms are 
known between the Bryophyta on the one hand and the higher Green 
Algae and the Characeae on the other. 

It seems possible that the antheridia of Bryophyta may have been derived 
from multicellular gametangia ( m ) similar to those that occur in the Brown Algae. 
It is, however, improbable that the green Bryophyta have originated from the 
brown Phaeopliyoeae. The origin of the Archegoniatae is thus still enveloped in 
complete darkness. 




DIV. I 


BRYOPHYTA 


501 


With the exception of a few forms which have assumed an aquatic life, the 
Bryophyta are land- plants, and this is confirmed by the features of their habit. 
Besides primitive forms with a lobed creeping thallus there are many that have 
an erect stem bearing leaves, a construction that makes better use of the space 
and light available. Even the thalloid forms exhibit differentiation into assimi- 
latory and storage tissues and some have stomata, serving for gaseous exchanges. 
In correspondence with the terrestrial life all the subaerial parts of Bryophyta are 
covered with a cuticle. In some species, externally differentiated into stem and 
leaves, conduction of materials in the plant is effected by a very simple conducting 
bundle composed of elongated living and dead cells, but containing neither true 
vessels nor sieve-tubes. Since true roots are also completely wanting, and only 
rhizoidsare present, the Bryophyta, in spite of their high external differentiation in 
some respects, are not cormophytes, but thallus-plants. Their relatively small size 
(the largest Moss, Dawsonia , from New Zealand, is fifty centimetres high), is 
connected with the above noted features ; the difficulties of providing a supply of 
water in large land-plants require a much more complicated structure than is 
found in large aquatic plants. 

The two Classes of Bryophyta may be briefly characterised : 

1. Hepaticae, Liverworts. Sexual generation with a poorly developed protonema, 
which is usually not sharply marked off from the thallus. The latter is either flattened 
and dichotomous, or is segmented into a stem bearing dor si vent rally arranged 
leaves. The capsule in almost all cases contains elaters as well as spores. Only 
in one order, the Anthoeerotales, is a columella differentiated in the capsule. The 
spermatozoids are chemotactically attracted by protein substances. 

Key to the Orders of Hepaticae : 

Anthoeerotales : Thallus without leaves ; sporogonium with columella. 

M archant tales : Thallus without leaves; sporogonium without columella 
opening by an annular split or with numerous teeth. 

J linger manmales : Thallus without leaves, or leafy; sporogonium without 
columella, dehiscing by four lobes. 

2. Musci, Mosses. The protenema of the sexual generation is usually strongly 
developed and sharply defined from the thallus, which is always segmented into 
stem and leaves. The leaves are spirally arranged, in many orthostichies, less 
commonly in two ranks ; the sterns are thus poly- or hi -symmetrical as regards 
the arrangement of their leaves. Capsule always without elaters, but with a 
columella. The spermatozoids react to cane-sugar. The sporogonium is usually 
covered b} 7 a calyptra. 

Key to the Orders of Musci : 

Sphagnalcs : Protonema, a flat thalloid structure ; sporogonium spherical, 
borne on a pseudopodium ; columella overarched by the spore-sac ; 
capsule opening by an operculum. 

Amlreaeales: Protonema filamentous or ribbon -shaped ; sporogonium 
elongated, borne on a pseudopodium ; columella overarched by the 
spore-sac ; capsule opening by longitudinal splits. 

Bryales : Protonema filamentous ; sporogonium with a true seta ; columella 
continuing up to the operculum and surrounded by the cylindrical 
spore-sac ; capsule opening by means of operculum and peristome ; 
calyptra well-developed. 

Fossil Bryophyta.— The Liverworts are more primitive in their organisation 
than the Mosses and appear to be more ancient, since their fossil remains are 
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occasionally met with back to the Carboniferous period, while the earliest known 
Mosses are from the Upper Cretaceous. Most fossil Bryophytes are from the 
Tertiary rocks and closely resemble existing forms. 


III. PTERIDOPHYTA (VASCULAR CRYPTOGAMS) (^ 92 > 112131 ) 

The Pteridophytes include the Ferns, Water-Ferns, Horse-tails, 
and Club Mosses, as well as a number of extinct classes, and represent 
the most highly developed Cryptogams (for a survey see p. 542). 

In the development of the plants forming this group, as in the 
Bryophyta, a distinct alternation of generations. is exhibited (Fig. 530, 
p. 541). 

The SEXUAL GENERATION, which here, as in the Bryophyta, is 
haploid, is termed the prothallium or gametopiiytk. It never reaches 



Fig. 482 . — Dryopteris (Aspidium) filix mo*. A , Prothallium seen from below; ar, archegonia; an, 
antheridia ; rh, rhizoids. B, Prothallium with young fern attached to it by its foot ; h, the first 
leaf; w, the primary root, (x circa 8.) 

any great size, being at most a few centimetres in length ; in some forms 
it resembles in appearance a simple, thalloid Liverwort ; it then 
consists of a small green thallus, attached to Ahe soil by rhizoids 
springing from the under side (Fig. 482 A), On the prothallia arise 
the sexual organs, antheridia (Figs. 509, 516), producing numerous, 
and usually spiral, spermatozoids, which are multiciliate or biciliate, 
and archegonia (Figs. 510, 517), in each of which is a single egg-cell. 
As in the Mosses, the presence of water is necessary for fertilisation. 
The spermatozoids are induced to direct their motion toward the 
archegonia by the excretion from the latter of a substance which 
diffuses into the surrounding water (cf. p. 332). 

The egg-cell, after its fertilisation by a spermatozoid, develops 
into the plant of the asexual generation or sporophyte. This in 
the Pteridophyta is quite differently constructed, and much more highly 



DlV. I 


PTERIDOPHYTA 


503 


developed, than in the Bryophyta. Resemblances to the latter are only 
found in the early stages of development. 

The fertilised egg-cell, while still in the archegonium, surrounds 
itself with a cell-wall and undergoes division, first into two cells, by 
the formation of a basal wall, and then into octants by two walls 
at right angles to each other and to the basal wall. There are 
exceptions to this. 

Further divisions of these eight cells (Fig. 483 A) lead to the 
formation of a multicellular embryo, one sector of which projects as a 
mass of tissue termed the foot (Fig. 483 /). By means of this the 
young plant remains fixed in the enlarging venter of the archegonium. 



Fio. 483. — A, Pteris scrrulata, embryo freed from tlie archegonium, in longitudinal section (after 
Kiknitz-(Jkri.off) : 1, basal wall; II, transverse wall dividing the egg-cell into quadrants; 
rudiment of the foot /, of the stem s, of the first leaf b, of the root w . Ii, Section of a further- 
developed embryo of Pteridium aquilinum (after Hokmeister); /, foot still embedded in the 
enlarged venter of the archegonium aw; pr, prothallium. (Magnified.) 

The foot serves as an haustorial absorbent organ in the nutrition of 
the embryo. 

The further development of the sporophyte in the Pteridophyta is 
fundamentally different from that in the Bryophytes. From distinct 
sectors of the embryo, apices are differentiated which proceed to grow 
into the root, stem, and first leaf of the young plant (Figs. 483 w , s, h , 
482 B). The prothallium usually dies after the development of the 
young plant (though if fertilisation is prevented it may continue to live 
for years) and the sporophyte becomes the independently living fern- 
plant. The three primary organs in most Pteridophyta grow by means 
of apical cells (Figs. 96, 97, 149). The stem which bears leaves 
is frequently dichotomously branched, the roots have a root-cap (Fig. 
149), their lateral roots arising endogenously; and the leaves correspond 
in structure with those of the Phanerogams. Stems, leaves, and roots 
are traversed by well-differentiated vascular bundles, which are here first 
met with in the vegetable kingdom ; the water-conducting elements 
are tracheides with scalariform thickening (Fig. 67). The bundles of 
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the great majority of Pteridophytes are 



Fig. 484. — Transverse section of the rhizome of Pteri- 
diurn aquilinum . g, Concentric vascular bundles; 
s, sclerenchymatous plates; sp, peripheral zone of 
sclerenchymatous fibres ; r, cortex ; e, epidermis, 
(x 7.) 


termed sporangia (Fig. 


as a rale constructed on the 
concentric and radial types 
(cf. pp. 95 ft‘, Figs. 484, 
485). Secondary growth 
in thickness, resulting from 
the activity of a special 
cambium, occurs only occa- 
sionally in existing forms, 
but it was characteristic of 
the stems of certain extinct 
groups of Pteridophytes. 

The sporophyte is thus 
a true cormus and the 
Pteridophyta are the earliest 
members of the phylogenetic 
tree which do not belong to 
the thalloid plants. 

The SPORES are pro- 
duced in special receptacles 
486), which occur on the asexual generation, 



Fig. 485.— Transverse section of stern of Lycopodium complanatum. ep, Epidermis ; pp, outer, 

inner, and innermost parts of the primary cortex, surrounding the central cylinder composed 
of xylein and phloem regions ; sc, scalariform tracheides ; sp, annular and spiral tracheides ; 
v, phloem, (x 26. After Strasburoer.) 


either on the leaves, or less frequently on the stems in the axils of 
the leaves. The leaves which bear the sporangia are termed SPORO- 
PHYLLS. The sporophylls are frequently of simpler form than the 
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assimilatory leaves, and are associated in special shoots, which may 
be termed flowers. 

The sporangium consists of a wall enclosing the sporogenous tissue, 
the cells of which, becoming rounded off and separated from each other 
as spore-mother-cells, give rise each by a reduction-division to four 
tetrahedral spores (spore-tetrads). The cells of the innermost layer of 
the sporangial wall are rich in protoplasm, and constitute the 
tapetum. In the course of the development of the sporangium the 
tapetal cells wander in between the spore -mother -cells, their nuclei 
dividing amitotically, so that the spores 
eventually lie embedded in a mucilaginous 
protoplasmic mass, the periplasmodium, 
from which they derive nourishment ( 114 ). 

The periplasmodium is used up in the 
formation of the walls of the spores. 

The young spore on becoming isolated 
in the tetrad surrounds itself with a 
cutinised membrane (exospore) within 
which a cellulose layer (endospore) is 
deposited. In many cases a perispore 
is deposited by the periplasmodium 
upon the exospore. 

The spores of the majority of the 
Pteridophytes are of one kind, and give 
rise on germination to a prothallium, 
which produces both antheridia and 
archegonia. In certain cases, however, 
the prothallia are dioecious. This 
separation of the sexes extends in some 
groups even to the spores, which, as 
macrospores (megaspores), developed 
in macrosporangia (megasporangia), 
prothallia ; or as MICROSPORES, which are produced in MICRO- 
sporangia, develop similarly only male prothallia. In accordance 
with this difference in the spores, a distinction may be made between 
the HOMOSPOROUS and HETEROSPOROUS forms of the same group; 
but this distinction has no systematic value in defining the different 
groups themselves, as it has arisen independently in several of them. 

A survey of the Classes of Pteridophyta is given on p. 542. 

Class I 

Psilophytinae ( 136 ) 

The Psilophytinae are only known as fossils from the Devonian 
rocks. They were plants of small size, and are the most primitive 
Pteridophytes known. 



Fio. 486. — Development of the spor- 
angium of Asplenium. A, First divi- 
sions of the young sporangium which 
has originated from a single superficial 
cell, /i, Division into the wall ( w ), 
and the central archesporial cell (or) 
which has cut off one of the tapetal 
cells (t). C, Older stage in which the 
archesporial cell has given rise to the 
tapetal cells and the sporogenous 
tissue (sp). (x 300. After Sadebeck.) 

give rise only to female 



506 


BOTANY 


PART II 


Rhynia (Fig. 487) had no true roots but subterranean rhizomes ; there was a 
true vascular bundle in the leafless, dichotomously-branched, assimilatory axes. 



Fio. 487.— A. Restoration of Rhynia major , showing the rhizome beating rhi/oids, the diclio- 
tomously-branched leafless axes, and the large, teiminal sporangia B. Rt stni.it mu of .Is te^onilnn 
Mackui, showing the leafless rhizomes and the blanched sub-aenal stems clothed with small 
leaves. The detached leafless branch-system with ‘•mall tenmnal spoiangia is probably the 
fertile portion of the plant, but has not been found m connection with tin leafy shoots. 
(Reduced ; after KinsTONand Lang.) 

In Asteroxylon the stems were closely covered by small leaves a few millimetres in 
length. The sporangia were terminal on the axes without any relation to leaves 
and had a wall composed of several layers of cells. They were filled with spores 
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formed in tetrads. In the case of Hornca (Khyniaceae) there was a column of 
sterile tissue within the sporangium resembling the columella of some Mosses. 



Fio. 488 .— Lycopodium davatum. A , Old protliallus. Z>, Protliallus with young plant attached. 
C, Antheridium in vertical section. D, Spermatozoids. F } Young archegonium, the neck 
still closed. F, Open archegonium ready for fertilisation, (i, Plant bearing cones (£ nat. size). 
H , Sporophyll with an opened sporangium* J, K , Spores from t wo points of view. /,, A young 
subterranean sporeling still without chlorophyll (x 7); /, foot; w, root; b, scale-leaves. 
(A-F and L after Bruchmann.) 


Class II 

Lyeopodiinae (Club-Mosses) (’• 92 > U2 * m 12r> ' 129 > 132 > 133 ) 

Order 1. Lycupodiales ( 125 ) 

The numerous widely-distributed species of the genus Lycopodium (Club 
Moss) are for the most part terrestrial plants ; in the tropics many pendulous 
epiphytic forms also occur. In Lycopodium ducat urn, one of the commonest 
of our native species, the stem, which is thickly covered with small, awl- 
shaped leaves, creeps along the ground ; it branches dichotomously, and gives rise 
to ascending lateral brunches, while from the under side spring the dicho- 
tomously-branchcd roots (Fig. 488). The cones, consisting of the closely -aggregated 
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sporophylls, are situated in groups of two or more at the ends of the forked 
erect shoots. The sporophylls are broader and more prolonged at the tip than 
the sterile leaves ; each bears a large reniform sporangium on the upper side at 
the base. The sporangium opens into two valves and sets free numerous minute 
spores (Fig. 488 U). The spores are all of one kind, and in consequence of their 


Fig. 489. — A , Germinating spore of Lycopodium annotinum; r, rhizoid cell; h, basal cell; s, 
Epical cell ; sp, spore-membrane (x 580). B , Older stage of the prothallus of the same species, 
showing the endophytic fungus (p) in the lower cells, and the apical cell divided into three 
meristematic cells (x 470). C, Lycopodium complanatum. Prothallus with antheridia (an), 
arehegonia (ur), and a young embryo (fc) (x 26). (After Rruchmann.) 

formation in tetrads are of a tetrahedral though somewhat rounded shape. The 
exospore is covered with a reticulate thickening (Fig. 488 J, K). 

The spores only germinate after six to seven -years, forming at the expense of 
their reserve materials a prothallus of five cells. Further development only takes 
place when fungal hyphae enter the lowest cells (Fig. 489 A, B ). The 
prothallia of Lycopodium clavatum (Fig. 488 A } B) are small, white, tuberous 
structures, which live as subterranean saprophytes. At first top-shaped, they 
become converted by the continued marginal growth into cup-shaped lobed bodies 
which may attain a size of two centimetres. Long rhizoids spring from the lower 
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surface, while the upper surface bears numerous antheridia and archegonia. The 
endophytic fungus is confined to the peripheral tissues of older prothalli ; it 
may emerge through the specialised basal cells of the rhizoids and invest the 
latter ( l20a ). Only after twelve to fifteen years is the prothallus sexually mature, 


so that its life may last some twenty years, 
prothalli are turnip -shaped, cylindrical or 
conical ; they always harbour an endophytic 
fungus, forming a mycorrhiza. In some 
species they project above the surface of the 
soil and are of a green colour. 

The prothallia are monoecious and bear 
the sexual organs on their upper portion. 
The antheridia are somewhat sunk in the 
tissue (Fig. 488 C) and enclose numerous 
spermatozoid -mother-cells, in which small 
oval spermatozoids ( D ), with two cilia attached 
below the apex, are formed. The archegonia 
(Fig. 488 E , F) have often numerous neck- 
canal cells (up to twenty), but these may be 
reduced to one, as in L. cernuum. The 
upper cells of the neck become disorganised 
on opening. 

The embryo (Fig. 490) remains during 
its development enclosed in the prothallus 
into which it is forced by the suspensor 
(Fig. 490 ct) which develops on the side 
turned towards the archegonial neck. Be- 
neath the foot the young shoot forms ; the 
first leaves are scale-like, and from the basal 
portion of the shoot the first root develops. 
There are no definite apical cells. 

The spores of Lycopodium clavatum and 
other species are sometimes used in pharmacy. 

Order 2. Selaginellales ( 128 ) 


In other species of Lycopodium the 



Fig. 490. —Development of the embryo in 
Lycopodium compkinatum. A, Embryo 
showing the fiist divisions; the basal 
wall / separates the suspensor ( et ) from 
the body of the embryo ; the transversal 
walls II and III (the latter being in the 
plane of the section) together with the 
transverse wall IV give rise to two tiers 
of four cells ; the tier next the sus- 
pensor gives rise to the foot, the ter- 
minal tier fni ms the shoot (x 112). B } 
Embivo of medium age; s , apex of 
stem ; b, rudiment of leaf; /, foot (x 
112). C, Embryo shortly before bieak- 
mg out of the prothallus ; hh, the two 
lust ' s < "M-nng the apex of the 
stem, u\ the lust mot (' 40) (After 
Bruchmann.) 


To this order belongs the genus Selagi- 
nella , represented by numerous and for the 
most part tropical species. They have, as 
a rule, profusely - forked, creeping, and 
sympodially-branched stems, but occasionally 
erect, branched stems ; some form moss-like 
beds of vegetation ; others, climbing on 
adjacent plants, possess stems several 
metres long. Certain xerophytic species (S. lepidophylla in tropical America, etc.) 
can endure drying up for months or even years, closing together their rosette- 
sliaped shoots by a cohesion-mechanism, and expand again on the arrival of rain ( 127 ). 
In general the Selaginellas are similar in habit to the Lycopodiums. They have 
small scale-like leaves which usually exhibit a dorsi ventral arrangement, such as is 
shown, for example, in the alpine Selaginclla Helvetica (Fig. 491), the stem of 
which bears two rows ot small, dorsal, or upper leaves, and opposite to them 
two rows of larger, ventral, or under leaves. (Cf. also Fig. 137 ) In 
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plagiotropous forms, completely leafless lateral shoots, the bhtzopiiokks ( 1 - h ) are 
usually present. They grow towards the soil owing to positive geotropism, and 
there produce endogenous roots from their tips. The leaves of Selaginella are 
characterised by the presence at their base on the upper side of a small 
membranous ligule. This serves as an organ for the rapid absorption of 
water (rain-drops) by the leafy shoot ( 129 ). 

The cones or flowers (Fig. 492) are terminal, simple or branched, radially 
symmetrical, or less commonly dorsiventral. Each sporophyll subtends only one 



Fig. 401. — A, Selaginella helvetica (from of a cone showing to the left microsporangia and to the 

Nature, nat. size). B, Selaginella Kraus- right macrosporangia. J3, microaporangimn containing 

siana, embryonic plant with macro- tetrads of mi crosporcs. <\ macrosporangium with one 

spore still attached. (After Bischoff, tetrad of macrospon-x. t, tapetal cells, I, ligule. (7i 

magnified.) and C x 70. After Sachs.) 

sporangium, which springs from the stem above the leaf-axil. The spores differ 
in size, there being macrospores and microspores. The same spike bears both 
macrosporangia and microsporangia. Each macrosporangium (Fig. 492 A , C) 
contains only four macrospores, which are produced by the growth and division 
of a single spore-mother-cell ; all the other mother-cells originally developed 
ultimately disappear. On account of the increasing size of the spores the 
spherical macrosporangia become nodular. Numerous spores are formed in the 
flattened mlcrokporangia. Opening, which is due to a cohesion-mechanism, occurs 
along definite lines of dehiscence. 

The microspores begin their development while still enclosed within the 
sporangium. The spore first divides to separate a small lenticular vegetative cell 
from a large cell, which divides successively into eight sterile prothallial or wall- 
cells and two or four central spermatogenous cells (Fig. 493 A). These cells 
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represent the greatly reduced prothallus which is formed within the spore. 
Only the small lens-shaped cell is to be regarded as vegetative ; it is termed the 
rhizoid-cell. The remaining cells represent a single antheridium. By the further 
division of the central cells of this numerous spermatozoid mother-cells are formed 
(B-D). The peripheral cells then break down and give rise to a mucilaginous 
substance, in which is embedded the central mass of spermatozoid mother-cells (E). 
The small prothallial cell (p), however, persists. The whole male prothallium is 
up to this stage still enclosed by the wall of the microspore. This ultimately 
ruptures, and the mother-cells are set free and liberate the club-shaped sperma- 
tozoids. Each of these has two long cilia at its pointed end. 

The less reduced female prothallus is formed from the macrospore (Fig. 494). 
The nucleus of the spore forms many daughter-nuclei which are distributed in 
the protoplasm lining the wall, especially at the apex of the spore. The 



Fig. 403. — A-E } Selaginelln stolonifera , successive stages in the germination of a microspore; 
p , prothallial cell; w , wall-cells of antheridium; s , spermatogenous cells; A, B, D , lateral, 
C, dorsal view. In E the prothallial coll is not visiblo, the disorganised wall-cells enclose 
the spermatozoid mother-cells ; F, spermatozoids of Selaginella cuspidata . ( A-E x 640, 
F x 780. After Uelajeff.) 

formation of cell- walls then takes place, proceeding from the apex to the base 
till the whole spore is filled with larger prothallial cells ; a further division into 
smaller cells proceeds in the same direction. In this small -celled tissue at the 
summit of the prothallus a few archegonia are developed. 

The wall of the s’pore eventually bursts at the apex, and the prothallium 
becomes partially protruded ; it forms a number of rhizoids on three projections 
of its tissue, and these assist the bursting of the spore-wall and also hold water. 
The fertilisation of one or two archegonia, which then takes place, is followed 
directly by the segmentation of the fertilised egg-cells and the formation of the 
embryos (Fig. 494). 

The development of the embryo, in which a suspensor consisting of one or 
several cells, the apex of the stem with the first leaves, the first rhizophore and 
the foot are distinguishable, proceeds in a great variety of ways in the genus. 
The first division in the fertilised egg -cell is transverse. In S. Martensii, 
and related forms, the upper hypobasal cell gives rise to the suspensor only, the 
main portion of the embryo being derived from the lower cells (Fig. 495) ; in 
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most other species the upper cell forms the foot and rhizophore as well as the 
suspensor. The apex of the shoot with the first pair of leaves grows upwards 



B 


Fio. 494 . — Selaginella MarUnsii. A, Ruptured macrospore seen from above, showing the prothallus 
with three groups of rhizoids and several archegonia (x 112). B, Longitudinal section of 
the prothallus showing two archegonia in which embryos are developing (x 112). (After 
Bruchmann.) 


and the root downwards; the young plant remains attached to the prothallus 

in the megaspore by the foot 



(Fig. 491 B). 

In some species the female 
prothallus is developed in the 
macrospores while they are 
still within the macrospor- 
angium ; even fertilisation 
may take place in the spor- 
angium. In the latter case 
the microspores, containing 
already free spermatozoids, 
reach the opened macrospores ; 
the microspore then opens and 
the spermatozoids swim to the 
archegonia. In S. rupestris 
the macrospore remains in 
the sporangium, so that the 


Fig. 495. — Selaginella MarlensdL Embryo before becoming 
free from the prothallus in longitudinal section ; /, foot ; 
wt, rhizophore ; et, suspensor ; k, cotyledons with their 
ligules. (x 150. After Bruchmann.) 


development of the young 
plant (the sporophyte) takes 
place on the sporophyte of 
the preceding generation. 


Order 3. Lepidodendrales ( 132 « 133 ) 

The extinct Lepidodendrales which lived in the Devonian, Carboniferous and 
Permian periods formed trees with secondary thickening, that sometimes attained 
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a height of 30 m. (Fig. 496). The stems were closely covered with simple, narrow 
leaves, which, though they may be 15 cm. long, can be regarded as small relatively 
to the stem. There was a ligule at the base of each leaf, and the leaf was traversed 
by a single vascular bundle. When the leaves were shed, characteristic scars were 
left on the surface of the stem. 

In the Lepidodendraceae the spirally arranged leaves were seated on rhombic 
leaf-cushions (Fig. 496, 2). The stems were dichotomously branched, and the 


Fi‘i- LeiMoibnUrm. K. ‘construction Potonik). 7, hpidodendron, loaf-cushions. 

J, Sitjillarid, leal-scars. (From Lotsy and \Y i tisikin.) 

cones (flowers) terminated some of the branches (Fig. 496, 1). The Lepidoden- 
draceae were heterosporous (Fig. 497), and developed prothalli which resembled 
those of the Selaginellaceae. 

Tho Sigillariaceae had columnar, unbranched, or sparingly dichotomous stems 
which were clothed with longitudinal rows of more or less hexagonal leaf-scars 
(Fig. 497, 3). The cones, which were similar to those of the Lepidodendraceae, 
were borne on the stems. 

Some palaeozoic Lepidodendrales ( Lepidocarpon , Mimics min) are of special 
interest since they bore seed-like structures ; they may therefore be grouped 
together as the Lepidospermae. The macrosporaugiuin was surrounded by an 

2 L 
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outgrowth from the sporophyll, which formed an integument-like structure with 


Fig. 497 . — Lepidostrobus Veltheimianus. 1, Transverse section of cone with microsporangia ; tetrads 
to right below. 2, Cone in longitudinal section showing* microsporangia above and macro- 
sporangia below. 3 , Transverse section of cone with macrosporangia. 4, Macrospore, 
probably opening in course of germination. (After Scott, Kidston, Binney.) From Lotsy. 


an opening along its summit (Fig. 498). Only one macrospore attained full 

development ; the prothallus remained en- 
closed by the wall of the spore. Probably the 
microspores readied the maerosporangia 
while the latter were still attached to the 
parent-plant ; later the macrosporophylls with 
their sporangia became free. Similar relations 
will be met with in the Gymnosperms. 



The dichotomous branching of the 
root and stem, and the simple form 
of the numerous small leaves are 
characteristic of all Lycopodiinae. 
The leaves are closely placed, so that 
the stem does not appear segmented 
into internodes. The sporophylls 
differ little in form from the 
assimilatory leaves, and are grouped 
as cones at the ends of certain shoots. 
A single sporangium is borne on the upper side of the sporophyll 


j. 498 . — Lepidocarpon Ijomaxi. Dia- 
grammatic section across a macro- 
sporangium with prothallus, P; spore- 
wall, S ; sporangial wall, Sp ; in- 
tegument, J. (After Scott f'roir 
Wettstein.) 
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near its base. The innermost layer of the wall, forming the 
tapetum, is not broken down when the sporangium is mature. The 
spermatozoids, unlike those of all other Pteridophytes, are biciliate. 
The embryo is carried down into the tissue of the prothallus by 
means of a suspensor. 

The three orders are distinguished by the following characters : 

Lycopodiales : Isosporous herbs, with, for the most part, subterranean prothalli 
depending for their saprophytic nutrition on an endophytic fungus. 
Leaves without ligule. 

Selaginellales: Heterosporous herbs with extremely reduced, dioecious pro- 
thalli, which are developed within the spores. Fertilisation sometimes 
taking place on the parent-sporophyte. Leaves with ligule. 

Lepidodemlralcs : Extinct trees with secondary growth in thickness. Hetero- 
spory and development of the prothalli as in the Selaginellales. In the 
most highly developed forms the niacrospore was invested by an integu- 
ment, and fertilisation probably took place on the parent-plant. Leaves 
with ligule. 

The most ancient Lycopodiinae are those known from the Devonian. The group 
was represented by numerous dendroid forms in the Carboniferous period, 
and was then more highly developed than at the present day. 


Class III 

Psilotinae ( 130 ) 

This class is apparently a survival ; the existing forms are only Psilotum with 
two tropical species and Tmesipteris with one Australasian species. The total 
absence of roots is noteworthy. The dichotomously branched stems bear small, 
simple leaves, spirally arranged. The sporophylls in the upper regions of the 
shoots are always deeply bifid ; each bears near the base of its upper side a thick- 
walled bilocular or trilocular sporangium. Isosporous. 

The prothalli of both genera are only a few millimetres long, and occur in the 
substratum. They are cylindrical, branched, colourless thalli harbouring a 
phycomycetous piycelium as a mycorrhiza. Numerous archegonia and antlieridia 
are developed on them. The spermatozoids are multiciliate, a point of contrast 
with the Lycopodiinae, and of agreement with the other Pteridophyta. 


Class IV 

Equisetinae (Horse-tails) ( L ° 2, 112, 113> 124 > 132 ) 

Order 1. Equisetalea 

The only existing Family is the Equisetaceae, including the one genus Equisetum , 
comprising 20 species, found widely distributed over the whole world. The genus 
can be traced back to the Triassic period. Developed partly as land-, partly as 
swamp-plants, they may always be distinguished by the characteristic structure and 
habit of the asexual generation. They have a branching, underground rhizome 
on which arise erect, aerial haulms, usually of annual growth. The aerial haulms 
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either remain simple, or they give rise to branch-whorls, and these in turn to 
whorls of a higher order. All the axes are formed of elongated internodes ; 
they have a central pith-cavity and a peripheral series of smaller air channels. 
The collateral vascular bundles form a single circle, as seen in transverse section 
(Fig. 499). At each node is borne a whorl of scale-leaves pointed at the tips, and 
united below into a sheath closely enveloping the base of the internode. There is 
a single vascular bundle in each leaf. The lateral branches are developed in the 
axils of the scale-leaves, but, not having space to grow upwards, they pierce the 
narrow sheath. As a result of the reduction of the leaf laminae, the haulms 
themselves assume the function of assimilation, and for that purpose their cortical 
tissue under the epidermis is provided with chlorophyll. The rhizome of the 

common Horse-tail, Equisetum arvense , 
and that of other species, develop also 
short tuber -like branches which serve 
as reservoirs of reserve-material and 
hibernating organs (Fig. 500). 

The sporangia are borne on specially 
shaped leaves or sporophylls. The sporo- 
phylls are developed in whorls, but are 
closely aggregated at the tips of the erect 
fertile shoots into a cone (flower) (Fig. 
500). The lowest whorl is sterile, and 
forms a collar-like protuberance. The 
sporophylls (Fig. 500 By C) are stalked 
and have a peltate expansion, on the 
under side of which are borne the (5-10) 
sac-like sporangia. In the young spor- 
angium the sporogenous tissue is sur- 
rounded by a wall consisting of several 
cell-layers, but eventually the tapetal 
cells of the inner layer become dis- 
organised, and their protoplasm penetrates 
between the developing spores, forming 
the periplasmodium. At maturity the 
wall of the sporangium consists only of 
the outermost of the original layers ; the cells of this are provided with annular 
and spiral thickenings. The sporangia thus resemble the homologous pollen-sacs 
of Phanerogams. The dehiscence is determined by the cohesive force of the diminish- 
ing amount of water in the cells of the outer layer and the contraction of the thin 
parts of the cell-walls on drying. The sporangia split longitudinally, and set 
free a large number of green spores, which are nearly spherical in shape, and 
have peculiarly constructed walls. In addition to the endospore and exospore, 
the spores are overlaid with a perispore deposited by the periplasmodium, and 
consisting of two spiral bands (elaters) which are attached to the spores only at 
their point of intersection (Fig. 500 D, E). On drying, the spiral bands loosen 
and become uncoiled ; when moistened, they close again around the spore. By 
means of their hygroscopic movements they serve to hook together the spores, and 
in this way ensure the close proximity of the prothallia, which are usually dioecious. 

The spores are all of one kind, and on germination give rise to thalloid, green 
prothallia (Fig. 501). In order to form female organs the nutrition must be 
good ; poorly nourished prothallia bear antheridia only. The female prothallia are 
larger than the male, and, branching profusely, are covered on the upper surface 


st 



Fig. 499. —Equisetum arvense. Transverse sec- 
tion through the stem, in , Lysigenic medul- 
lary cavity ; e, endodermis ; cl, cannal canals 
in the collateral bundles ; vl, vallecular 
cavities ; hp, sclerenchymatous strands in 
the furrows and ridges ; ch, tissue of the 
primary cortex containing chlorophyll ; st , 
rows of stomata, (x 11. After Stras- 
BURGER.) 
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by erect lobes at whose base the archegonia are produced. The spermatozoids, 



Fia. rm.—Equisetum arvense. A, Fertile shoots, springing from the rhizome, which also bears tubers ; 
the vegetative shoots have not yet unfolded. F, Sterile vegetative shoot. B, C, Sporophylls 
bearing sporangia, which in C have opened. D, Spore showing the two spiral bands (elaters) 
of the perispore. E, Dry spores showing the expanded spiral binds. (^ 4 , F, $ nat. size. 
B, C t D, E, enlarged.) 

bear numerous cilia (Fig. 501 G ). The hrst leaves of the embryo are arranged 
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in a whorl and encircle the apex of the stem. The growth of the stem is 
effected by the division of a three-sided apical cell (Figs. 501 IV, 96, 97). 

In certain species some of the aerial shoots always remain sterile, branching 
profusely, while others which produce the terminal cones either do not branch at 
all, or only at a later stage, and then sparingly. This distinction between the 
sterile and fertile shoots is most marked in Equisetum arvense and Equisetum 
Telmateja , in both of which the fertile shoots are entirely unbranched and 
terminate in a single cone (Fig. 500). They are further distinguished from the 
vegetative shoots by their lack of chlorophyll and their light reddish colour. 



Fro. 501.— Equisetum pratense. I, Female prothallium from the under surface, showing the arche- 
gonia (A). II, Male prothallium with antheridia (4); d, cover-cells of antheridia. (I x 17, 
17x12. After Goebel.) Ill, Equisetum arvense. Spermatozoa!: fe, nucleus ; hi, cilia-forming 
hlepharoplast with cilia ; zyt, cytoplasm, (x circa 1250. After Sharp.) IV, Equisetum arvense. 
Embryo : 1, 2, octant walls. The stem (st) and lirst leaf- whorl (b) arise from the upper half, and 
the root (w) and foot from the lower half, (x 165. After Sadebf.ck.) 

Equisetum giganteum , growing in tropical South America, is the tallest species of 
the genus ; its branched haulms, supported by neighbouring plants, attain a height 
of over twelve metres, and are about two cm. in diameter. 

The outer epidermal walls of the stem are more or less strongly impregnated 
with silica. In Equisetum hiemale, and to a less degree in Equisetum arvense, the 
silicification of the external walls is carried to such an extent that they are used 
for scouring metal utensils and for polishing wood. 

Poisonous substances are formed in some species of Equisetum , and hay with 
which the shoots are mixed is injurious to cattle. 

Family 2. Calamariaceae ( m ). — This extinct group was highly developed in the 
palaeozoic period, especially in the Carboniferous, when it was represented by 
numerous species. The plants resembled the Horse-tails in general habit, but in 
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l t Asterocalamites radio tus. (After Stur.) 2, Annvlaria stellata. (After Seward.) 

From Lotsy, Botan. Stamm esgeschich te. 


Fia. 503. — 1, Cahmostachijs Iiinncyana , Cone in longitudinal section, 
section. 3, Calamostachys Casheana , Transverse section of a spurn 
and three macrosporangia and one microsporangium. 4, / 
of cone with axillary sporangiophores. (After Scott and 11 n m k 


The same in transverse 
>phore, showing the stalk 
.U, Longitudinal section 
From Lotsy.) 
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some cases attained the size of trees 30 metres high ; the hollow stem, which bore 
whorls of branches at the nodes, was covered with a periderm, and underwent 
secondary thickening. The leaves (Fig. 502) stood in alternating whorls ; their 
form was narrowly lanceolate and at their bases they united into a sheath. 

The cones or flowers had in Asterocalamites the same structure as those of Equise- 
tnm ; in most cases they were more complicated, whorls of superposed scale-leaves 
separating the whorls of specialised sporangiophores. Each of the latter was a 
stalked peltate disc hearing, on its under side, four sporangia. It is an interesting 

fact that heterosporous as well as 
homosporous form occur among 
the Calamarieae. ( Calamostachys , 
Fig. 503, 3). 


Order 2. Sphenophyllales ( 132 ) 

This small iosporous group of 
plants is only known in the 
fossil condition from palaeozoic 
rocks. It is characterised by 
the wedge-shaped, undivided, or 
diehotomously branched leaves 
being borne in whorls, usually 
of six members (Fig. 504). 

The species of Sphenophyllum 
which lived from the Devonian 
to the Permian periods were 
herbaceous land-plants with elon- 
gated internodes, and were 

apparently scrambling climbers. 
The stems, which underwent 
secondary growth in thickness, 
had an axile stele without pith. 
The spike-like cones resembled 
somewhat those of Equisetum ; 
each sporophyll bore one to 
four homosporous sporangia (Fig. 
Sometimes as in Cheirostrobus the sporopliylls were more complicated. 


Fig. 504.—/, Sphenophyllum, showing the branched stern 
with both linear and wedge-shaped leaves and, on the 
right, an elongated cone. (After Scott.) 2, S. 
emarginatum. (After Seward.) From Lotsy. 


504). 


As characters common to the Equisetinae may be mentioned 
the smallness of the leaves relatively to the stem, and, in contrast 
to other Pteridophyta, their arrangement in whorls ; the stem is 
segmented into nodes and internodes. The sporophylls are always 
different from the assimilating leaves; they have mostly the form of a 
centrally stalked, peltate expansion, from the lower side of which a 
number of sporangia hang, and they are associated in terminal spike- 
like cones. The prothalli are green and develop outside the spores. 

The two Orders have the following distinguishing characters : 

1. Equisetales : Leaves scale-like or small. Existing forms isosporous herbs 
without secondary growth in thickness ; heterosporous dendroid forms 
with secondary thickening are known as fossils. 
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2. Sphenophyllales : Leaves with wedge-shaped lamina ; isosporous (perhaps 
occasionally heterosporous) herbs with secondary thickening ; only known 
as fossils. 

The Equisetinae had their maximum development in palaeozoic times and, with 
the exception of a single genus, are extinct. 


Class Y. 

Isoetinae ( 131 ) 

The only family is that of the Isoetaceae with a single genus Isoetes. 
The species of IsoMcs are perennial plants, growing either on damp soil or 

submerged in water. The stem is short and 
tuberous, rarely dichotomously branched, bear- 
ing below a tuft of dichotomously-branching 
roots, and above a thick rosette of long, stiff, 
awl-shaped leaves. The stem is characterised 




'io. 506. —A -F, Iso'etes setacea (x 640). A, Microspore 
seen from the side. B-D, Segmentation of the spore ; 
p, prothallial cell; w, the four cells *»f the wall 
s, 8permatogenous cells. E, The four spmnatozoid 
mother-cells are surrounded by the disorganised cdls 
of the wall ; surface view. F, The same in side view. 
G, I.cortrs MaUn rent ta na, spermatozoid (x 780). 
Fra. 505. — Isoetes lacustris. (i nat. size.) (After Hei.a.if.vf.) 


by a secondary growth in thickness by means of a cambium; this produces 
to the outer side cortex (without phloem) and to the inner side secondary 
phloem and xylem. The leaves are traversed longitudinally by four air- 
passages, and expand at the base into a broad sheath. On the inner side of 
the fertile leaves, above their point of insertion, is an elongated pit, the fovea, 
containing a large sessile sporangium. A ligule, in the form of a triangular 
membrane, is inserted above the fovea (Fig. 505), and serves to secrete mucilage. 

The macrospou \ nci \ are situated on the outer leaves of the rosette ; the micro- 
sporangia on the inner. Both are traversed by plates of tissue or trabeculae, 
and are in this way imperfectly divided into a series of chambers. Numerous 
macrospores are formed in the macrosporangium. The sporos are set free by the 
decay of the sporangial walls. 

The dioecious prothalli are greatly reduced. The male prothallium (Fig. 506) 
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arises within the spore, by the formation of a small, lenticular, vegetative cell (p), 
and a larger cell, the rudiment of a single antheridium. The larger cell divides 
further into four sterile peripheral cells (w), which completely enclose two central 
spermatogenous cells. From each of the latter arise, in turn, two spermatozoid 
mother-cells, four in all, each of which, when liberated by the rupture of the spore- 
wall, gives rise to a single, spirally-coiled, multicilate spermatozoid. 

The female prothallium (Fig. 507), also remains enclosed within the macrospore, 
and is incapable of independent growth. The nucleus first divides into numerous, 
parietal daughter-nuclei before the gradual formation of the cell-walls, which 
takes place from the apex of the spore to the base. As a result of this process the 

whole spore becomes filled with a 
prothallium, at the apex of which 
the archegonia are developed. The 
development of the embryo takes 
place without the differentiation of 
g apical cells. 

The Isoetinae are charac- 
terised by their peculiar habit, 
and by their leaves being 
large in comparison with the 
stem. The heterospory and 
the extreme reduction of the 

Flo. 507 .— /socto echinospora. A, Female pro- S « XUaI generation indicate a 
thallium ; ar, archegonium ; o, egg-cell. B, C, highly evolved group \ the 
Development of the archegonium from a super- existin 0, forms are to he 
ficial cell ; A, neck-cells ; Afc, neck -canal -cell ; j .i • r 

b, ventral canai-ceii; o, egg-ceii. (x 250. regarded as the remains of a 
After Campbell.) class of plants which contained 

numerous forms in earlier 
geological periods (Cretaceous). On account of the possession of a 
ligule they are frequently placed in relationship with the Selaginel- 
lales and Lepidodendrales ; they differ fundamentally from these, 
however, by their multiciliate spermatozoids and the absence of a 
suspensor in the embryo. 



Class VI 

Filicinae (Ferns) (b 93 > 112 > 115123 ) 

All the Filicinae have large leaves on the lower side of which 
numerous sporangia are borne. They include three Sub-Classes : 

1. Eusporangiatae. 

2. Leptosporangiatae. 

3. Hydropterideae. 

The name Eusporangiatae comes from the fact that the sporangia 
have firm walls composed of several layers of cells, while the 
sporangial wall consists of only a single layer of cells in the 
Leptosporangiatae, In the Eusporangiatae the sporangium develops 
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from several cells, in the Leptosporangiatae from one epidermal cell. In 
the Hydropterideae the sporangial wall is a single layer of cells. 

Sub-Class I. Eusporangiatae 

Order 1. Ophioglossales ( l17 ) 

European examples of this order, the single Family of which (Ophioglossaceae) 
which contains only a few species, are afforded by Ophioglossum vulgatum, Adder’s 


Fio. 508.--. I, Iiotrychium lunaria. Sporophyte. (£ nat. size.) B, Transverse section of the pro- 
thallus; an , antheridium; nr, archegonium; em, embryo; en, fungal hyphae (x 45). C, 
Prothallus bearing two embryos, the roots oi which have emerged (x 16). IK F.mbryo with 
the first and second roots (w u ,w 2 ) and foot (/) (x 16). E, Ophioglossum nilgai ohyte 

showing the bud for the succeeding year. (£ nat. size.) F, Ophiogh -- o'um. 

Prothallus. an, antlieridia; ar, archegonia ; young plant with the tirst root; ad, 
adventitious branch ; h, fungal hyphae. (x 15. E-D, F after lhu tiimann.) 

Tongue (Fig. 508 E ), and Botrychium, Mooinvort (Fig. 508 A). Both have a short 
stem, from which only a single leaf unfolds each year. The leaves in both cases are 
provided with leaf-sheaths. In Ophioglossum the leaf is tongue-shaped, in Hof r li- 
thium it is pinnate. These leaves bear on their upper side a fertile segment arising 
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near the upper end of the leaf- stalk. This fertile segment in Ophioglossum is simple 
and cylindrical, with the sporangia sunk in two rows ; in Botrychium it is pinnately 
branched in the upper part, and thickly beset on the upper side with large, nearly 
spherical sporangia. The course of the vascular bundles and occasional reversions 
indicate that the fertile segment is derived from the union of two basal pinnae. 

The Ophioglossaceae are isosporous. Our knowledge of the peculiar monoecious 
pROTHALLt of the Ophioglossaceae is largely due to Bruchmann ; they are long- 
lived, subterranean, saprophytic, tuberous bodies without chlorophyll but inhabited 
by a mycorrhizal fungus. In Ophioglossum (Fig. 508 F) they are cylindrical and 
radially symmetrical, simple or branched ; in Botrychium (Fig. 508 B, C) they 
are oval or heart-shaped and dorsiventral. The antheridia (Fig. 509) and archegonia 
(Fig. 510) are sunk in the tissue of the prothallus. The antheridium encloses a 
large spherical mass of spermatozoid mother-cells which are set free when mature 



Fio '0 ". — Ophioglossum vulgat ion. A-C\ [Stages 
m the development of the antheridium from 
a superficial cell ; the upper cell in C gives 
rise to the cover-cells, the lower to the 
mother-cells of the spermatozoids. Z>, 
Antheridium not yet opened ; d, cover-cells. 
E, Spermatozoid. (After Bruchmann.) 


Fig. 510. — Ophioglossum vulgatum . A - C, De- 

velopment of archegonium. D, Mature opened 
archegomum with two spermatozoids (.s) in 
front of the opening ; h, neck-cells ; hk, neck- 
canal-cells ; o, egg-cell ; b, basal cell. (After 
Bruchmann.) 



by the separation of a cover-cell due to the mucilaginous change in its wall. 
The spermatozoids have a spirally wound body and numerous cilia; a small 
vesicle is adherent to the spermatozoid (Fig. 509 E). The antheridia originate 
from single superficial cells (Fig. 509 A-C), as do also the archegonia (Fig. 
510 A-C). The slightly projecting neck of the latter opens after the neck- canal-coil 
has swollen and disintegrated ; the oosphere (o) remains in the sunken venter. In 
some species the embryo leads a subterranean existence for several years. The 
primary root is first formed and soon projects from the archegonium (Fig. 508 F } h) ; 
later the first leaf and the apical cell of the stem are differentiated. In some species 
of Botrychium the embryo forms an elongated multicellular suspensor at the end of 
which the proper embryonic mass is formed. In this an agreement with the 
Lycopodinac is evident (cf. Fig. 490 and Fig. 495), which do not in other respects 
show any close relationship to the Eusporangiatae. 


Order 2. Marattiales. 

Tlie plants belonging to this Order are widely distributed in the tropics. They 
are isosporous, and have large fronds provided with a pair of stipules at the base. 
These are borne on the thickened tuberous stem. The prothalli, though they con- 





PTERIDOPHYTA 


525 



DI> I 

tain an endophytic fungus, grow on the surface of the soil as green heart-shaped 
structures. They are rather thick and long-lived and resemble some Liverworts 
in appearance. In some cases the embryo is borne on a suspensor. One of the 


Fig. 511 . — AUopliila crinita. A Troe-Fcni m i <-ylon. (Reduced.) 

besft-known representatives is Angioptcris, which is frequently cultivated in 
hotj-houses. 

Sub-Class II. Leptosporangiatae (Filices) 

v The Leptosporangiatae comprise a largo number of genera with 
numerous species, being widely distributed in nil parts of the world. 
They attain their highest development in the tropics. The Tree-Ferns 
( Cyathea , Alsophila , ])icksoiri<i\ which include the largest representatives 
of the order, occur in tropical countries, and characterise the special 
family of the Cyatheaceae. The stem of a Tree-Fern (Fig. 511) is 
woody and unbranehed : it bears at the apex a rosette of pinnately 
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compound leaves or fronds, which are produced in succession from — 
terminal bud, and leave, when dead, large leaf-scars on the trum 
The stem is attached to the soil by means of numerous adventitious 
roots, and is also covered by a coating of roots. The majority of ferns, 
however, are herbaceous, and possess a creeping or erect rhizome, 
terminating usually in a rosette of pinnate or deeply-divided leaves. 
Such a habit and growth are illustrated by the common Male Fern 
Dryopteris ( Aspidium ) ftlix mas , the rhizome of which is official (Fig. 512). 
The leaves of Poly podium vulgar e are pinnate, and spring singly from 
the upper side of the creeping branched rhizome. In other cases 
the leaves may be simple and undivided, as in the Hart’s-Tongue 
Fern, Scolopendrium vulgare (Fig. 513). In the tropics many herbaceous 
Ferns grow as epiphytes on forest trees. 

When young, the leaves are coiled at the tips (Fig. 511), a 
peculiarity common to the Ferns as a whole. Unlike the leaves of 
most Phanerogams, those of the Ferns continue to grow at the apex 
until their full size is attained. 

The venation or course of the vascular bundles in the lamina, provides 
important characters for the systematic grouping of the Leptosporangiatae. While 
only a single median bundle is present in the simple leaves of the Horsetails and 
Club Mosses, the veins in the fern leaf are branched in various ways. They may 
be dichotomous or pinnate with free endings, or may anastomose to form a net- 
work. The ultimate branches may end blindly in the meshes of this. 

Peculiar brownish scales (paleae, ramenta), often fringed and consisting of a 
single layer of cells, invest the stems, petioles, and sometimes also the leaves of 
most Ferns. 


The sporangia are generally produced in large numbers, on the 
under side of the leaves. The sporophylls, as a rule, resemble the 
sterile foliage-leaves. In a few genera a pronounced heterophylly is 
exhibited : thus in the Ostrich Fern, Struthiopteris germanica , the dark 
brown sporophylls are smaller and less profusely branched, standing 
in groups in the centre of a rosette of large foliage-leaves. Blechnum 
spicant is another example. 

In the different Families, differences in the form, position, an 
structure of the sporangia are manifested. ^ 

The sporangia of the Polypodiaeeae, in which family the r 


familiar and largest number of species are comprised, are umte l0Sfc 
groups or sori on the under side of the leaves. They are borne • 
cushion -like projection of tissue termed the receptacle (Fig. 512 n 
and in many species are covered by a protective membrane, a\ 
INDUSIUM, which is an outgrowth of the tissue of the leaf (Fig. 512 2^ 
Each sporangium arises by the division of a single epidermal Vyv 
(F ig. 486), and consists, when ripe (Fig. 514), of a capsule atti S ce jj 
to the receptacle by a slender multicellular stalk, containing a^^ 
number of spores, which only in a few genera ( Asplenium , A sp j ar 
* Acrostichum f etc.) are surrounded by a perispore. The wall 
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. b]2.—Dryopt£ris ( Asjnilhtm ) filix mas (g nat. size). ,4, Sorus in vertical section, (x 20. 
Al't'*r Knv.) Pinna with young sori still eoveivd by the indusia. C, Somewhat older sori 
with withi-ivd indusia. (Slightly niagnilied.) OtficUL. 
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capsule is formed of a single layer of cells. A row of cells with strongly 
thickened radial and inner walls, extending from the stalk over the 
dorsal side and top to the middle of the ventral side of the capsule, 
are specially developed as a ring or annulus, by means of which the 
dehiscence of the sporangium is effected. This type of annulus is 
characteristic of the Polypodiaceae. 

On drying of the wall of the sporangium the cohesion of the remaining 
water in the cells of the annulus draws in the thin outer walls of these cells ; this 
causes the annulus to shorten and determines the 
dehiscence of the sporangium by a tran verse slit 
between the broad, unthickened terminal cells of 
the annulus. When the diminishing water-drop 
ruptures and the pull exerted by the cohesive power 
of the water suddenly gives way, the annulus returns 
by its own elasticity to its original position, thus 
effecting the dispersal of the spores. The sporangium 
remains open owing to the drying and contraction 
of the thin cell-walls (cf. Fig. 189) ( 118 ). 

The form and insertion of the sori, the shape of 
the indusium when present, or its absence, all 
constitute important criteria for distinguishing the 
different genera. The sori of Scolopendrium (Fig. 
513) are linear, and covered with a lip-shaped 
indusium consisting of one cell-layer. They are so 
disposed in pairs that they appear to have a double 
indusium opening in the middle. In the genus 
Dryopteris ( Aspidium ) (Fig. 512), on the other hand, 
each sorus is orbicular in form and covered by a 
peltate or reniform indusium attached to the apex of 
the placenta ; a glandular hair is frequently present 
on the stalk of the sporangium (Fig. 514 A). The 
sori of 'Polypodium vulgar e are also orbicular, but 
they have no indusia. In the common Bracken, 
Pteridium aquilinum , the sporangia form a con- 
tinuous line along the entire margin of the leaf, 

Fig. 513. — Scolopendrium figure, wbich folds over and covers them ' 

(1 nat. size.) Besides the Polypodiaceae the Ferns include 

other families, mainly represented in the tropics, 
the sporangia of which differ in the construction of the annulus and in 
the mechanism of their dehiscence. The sporangia of the Cyatheaceae, to 
which family belong principally the Tree-Ferns, are characterised by a complete 
annulus extending obliquely over the apex of the capsule (Fig. 514 B t C ). 
The Hymenophyllaceae, often growing as epiphytes on Tree-Ferns, have also 
sporangia, with a complete, oblique annulus. They have leaves with a delicate 
membranous lamina, and while mainly tropical are represented in Britain (7/. 
tmibridgc 7 ise). The sporangia of the Schizaeaceae and Gleicheniaceae, on the 
other hand, have a transversely-placed annulus which, in the former (Fig. 514 
D), is close to the tip and in the latter above the middle of the sporangium, 
while in the Osmundaceae, of which the Royal Fern, Osmunda regalis, is a familiar 
example, the annulus is represented merely by a group of thick-walled cells just 




DIV. I 


PTERIDOPHYTA 


529 


below the apex of the sporangium (Fig. 514 E). In the three last-named 
families the sporangia open by a median split; in the three preceding families 
the dehiscence is transverse or oblique. There are thus two main groups of 
longicidal and brovicidal Leptosporangiatae, the Eusporangiatae coming closer to 
the former ( 119 ). 

All the members of the Filices are isosporous. The PRO- 
thallium has usually the form of a small, flat, heart-shaped thallus 
(Fig. 482), bearing the antheridia and archegonia on the under side, 
which is turned from the light. 


In certain Hymenophyllaeeae ( Trichomanes ) the prothallium is filamentous and 
branched, resembling in structure the protonema of the Mosses, and producing 
the antheridia and archegonia on special multicellular lateral branches (Fig. 515). 





Fio. 514.— -Sporangia. A, Dryopteris (Aspidium) filix mas; there is a glandular hair at the base. 
B and C, Ahophila armata, seen from the two sides. D, Anemia caudata. E, Ornunda 
regalis. (A-D x 70 orig. ; E x 40. After Lurssen.) 

The antheridia and archegonia ( 120 ) are similarly constructed in 
nearly all Leptosporangiatae, and present differences from those of the 
Eusporangiate Ferns. The antheridia are spherical projecting bodies 
(Fig. 516), arising on young prothallia by the septation and further 
division of papilla - like protrusions from single superficial cells. 
When mature, each antheridium consists of a central cavity, filled 
with spermatozoid mother-cells, and enclosed by a wall formed of 
two ring-shaped cells and a cap-cell ; in some families the cap-cell is 
divided into two or more cells, but usually remains undivided in the 
Polypodiaceae. The spermatogenous cells are produced by the 
division of the central cell. They are discharged from the anther- 
idium by the pressure exerted by the swollen ring-cells, and the con- 
sequent rupturing of the cell. Each rounded mother-cell thus ejected 
liberates a spirally coiled spermatozoid. The anterior extremity of 
the spermatozoid is beset with numerous cilia, while attached to its 
posterior end is a small vesicle which contains a number of granules, 
and represents the unused remnant of the contents of the mother-cell. 

The archegonia (Fig. 517) arise from the many-layered median 
portion of older prothallia. They are developed from single super- 
ficial cells, and consist of a ventral portion, embedded in the pro- 
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thallium, and a neck portion. The neck, which is longer than in 
the case of the Eusporangiatae, consists of a wall composed of a 
single layer of cells made up of four cell-rows ; it encloses the 
elongated neck-canal- cell. The ventral portion contains the large 
egg -cell and the ventral -canal -cell immediately above it. As the 
archegonium matures, the canal-cells become disorganised, and fill 
the canal with a strongly 
refractive mucilaginous sub- 
stance. This swells on the 
admission of water, and, 
rupturing the neck at the 





Fio. 515 .—Trichomanes rigidum. Portion 
of a prothallus with an arch egonioph ore 
(^4) to which a young plant is attached. 
(After Goebel.) 


Fio. 516. — A, Mature antheridium of fVoodsia 
ilvensis ; the cuticle (c) is ruptured. B, 
Open antheridium ; d, cap-cell ; r, swollen 
annular cells. (After Sciilumberger.) C, 
Spermatozoid of Struthiopteris gcrmanica ; 
k, nucleus ; cl, cilia ; 5, vesicle derived from 
the vacuole ; c, cytoplasm. ( x 850. After 
Shaw.) 


apex, is discharged from the archegonium, which is now ready for 
fertilisation. The development of the embryo is represented in 
Fig. 483. 


In certain ferns the sporophyte may originate on the prothallus by a process of 
budding or direct vegetative growth ; the sexual organs are not formed or they take 
no part in the production of the plant (apogamy). Conversely the prothallus may 
arise directly, without the intervention of spores, from the tissues of the leaf 
(apospory) (cf. p. 590). 

Official. — Dryopteris (Aspidium) filix mas, provides filix mas. 

The long silky brown hairs from the base of the leaf-stalks of various Tree-Ferns, 
especially Cibotium Barometz , and other species of this genus, in the East Indies 
and the Pacific Islands, are used as a styptic, and also for stuffing cushions, etc. 
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Sub-Class 3. Hydropterideae (Water-Ferns) ( 12M5B ) 

The Water-Ferns include only a few genera, which are more or less aquatic in 
habit, growing either in water or marshy places. They are all heterosporous. The 
macro- and micro-sporangia are enclosed in special receptacles at the base of the 
leaves, constituting sporangial fructifications or sporocarps. The wall of the 
sporangium, which consists of a single layer of cells, has no annulus. The spores 
are surrounded by a specially developed perisporium. 

The Water-Ferns are divided into two families : Salviniaceae , with two 
genera, and Marsiliaceae , including three genera. 

The Salviniaceae contain only free-floating aquatic plants belonging to the two 
genera Salvinia and Azolla. In Salvinia natans , as representative of the first genus, 
the sparingly-branched stem gives rise to three leaves at each node. The two 
upper leaves of each whorl are oval in shape, and developed as floating foliage- 
leaves ; the third, on the other hand, is submerged, and consists of a number of 
pendent, filamentous segments which are densely covered with hairs, and assume 



Fio. 517 . — Polypodium vulgnre. A, Young archegonium not yet open ; K\ neck-canal-cell ; K", 
ventral-canal-cell ; o, egg-cell ; B, mature archegonium, open, (x 240. After Strasburger.) 

the functions of the missing roots. The sporocarps have an entirely different 
mode of development from those of the Marsiliaceae ; they are spherical, and are borne 
in small groups on the submerged leaves at the base of the filamentous segments 
(Fig. 518 A). The sporangia are produced within the sporocarp from a column-like 
receptacle, which corresponds in origin to a modified leaf-segment. The envelope 
of the sporocarp is equivalent to an indusium ; it arises as a new growth in the 
form of an annular wall, which is at first cup-shaped, but ultimately closes over 
the receptacle and its sorus of sporangia. 

The second genus, Azolla , is chiefly tropical, represented by small floating 
plants, profusely branched, and beset with two-ranked closely crowded leaves. 
Each leaf consists of two lobes, of which the upper floats on the surface of the 
water, while the lower is submerged, anu assists in the absorption of water. The 
sporocarps are nearly spherical, and produced usually in pairs on the lower lobes 
of the leaves of some of the lateral branches. A small cavity enclosed within the 
upper lobe, with a narrow orifice opening outwards, is always inhabited by 
filaments of the Blue Green Alga, Anabaena azollae. From the fact that hairs 
grow out of the walls of the cavity between the algal filaments, the existence of a 
symbiotic relation between the two plants would seem to be indicated. Azolla } 
unlike Salvinia i possesses long slender roots developed from the under side of 
the stem. 
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To the Marsiliaceae belongs the genus Marsilia , of which the European M. 



Fig. 518 . — Salvinia natans. A, Seen from the side ; B, from above (after Bischoff, reduced). C, 
An embryonic plant ; insp, macrospore ; p, prothallium ; a, stem ; bj, &2> *> 3 > the first three 
leaves ; b t> the so-called scutiform leaf, (x 15. After Pringbhkim.) 

quadrifolia (Fig f 519 A) may be taken as an example. This species has a slender, 




Fig. 519. — A, Marsilia quadHfolia ; a, young leaf ; 8 , sporocarps. B, Plhilaria ghbuli/era ; s, 
sporocarp. (After Bischoff, redu®ed.) 

creeping, branched axis, bearing at intervals single leaves. Each leaf has a long 
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erect petiole, surmounted by a compound lamina composed of two pairs of leaflets 
inserted in close proximity. The stalked oval sporocarps ( s ) are formed in pairs 
above the base of the leaf-stalk ; in other species they are more numerous. Each 
of them corresponds in development to the sterile lamina, but is not divided into 
pinnae. 

Pilularia also grows in bogs and marshes. P. globulifera is found in 
Britain. It differs from Marsilia in its simple linear leaves, at the base of which 
occur the spherical sporocarps, which arise singly from the base of each sterile 
leaf-segment ; the sporocarp corresponds to a segment of the leaf (Fig. 519 B). 
The young leaves, as in the Filices, are cireinate in both genera. 

In the structure of the sporangia and spores, and in the development of the pro- 
thallia, the Hydro pterideae differ in some respects from the Filices. These differ- 
ences may be best understood on reference to Salvinia natans ( 121 ) as an example. 
The sporocarps contain either numerous microsporangia or a smaller number of 

D 



Fio. 020.— Salvinia natans. A, Three sporocarps in median longitudinal section; ma, maero- 
sporocarp ; mi, microsporocarp ( x 8) ; B, a imcrosporangium (x 55) ; C , portion of the contents 
of a inicrosporangium, showing four microspores embedded in the frothy interstitial substance 
(X 250); D , a macrosporangium and macrospore in median longitudinal section (x 55). 
(After Strashurof.r.) 

macrosporangia (Fig. 520 A , ma, mi). In development and structure both forms 
of sporangia resemble the sporangia of the Leptosporangiate Ferns ; they are 
stalked, and have, when mature, a thin wall of one cell-layer, but no annulus 
( B , D). The microsporangia enclose microspores, which, as a result of their 
development in tetrads from the mother-cells, are disposed in groups of four (C), 
and embedded in a hardened frothy mass filling the cavity of the sporangium. 
This frothy interstitial substance is derived from the single layer of tapetal cells. 

The microspores germinate within the microsporangium, which does not open ; 
each germinating microspore puts out a short tubular male-prothallium, which 
pierces the sporangial wall. Two antheridia are developed in this by successive 
divisions (Fig. 521). Each antheridium produces four spermatozoids, which are 
set free by the rupture of the cell-walls. The male prothallium is thus greatly 
reduced. 

The macrosporangia are larger than the microsporangia, but their walls 
consist similarly of one cell-layer (Fig. 520 D). Each macrosporangium produces 
only a single large macrospore, which develops at the expense of the rest of the thirty- 
two spores originally formed. The macrospore is densely filled with large angular 
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protein -grains, oil-globules, and starch - grains ; at its apex the protoplasm is 
denser and contains the nucleus ; the membrane of the spore is covered by a dense 
brown exospore, which in turn is enclosed in a thick frothy envelope, the perispore, 
investing the whole spore and corresponding to the interstitial substance of the 
microspores, and like this formed from the dissolution of the tapetal cells. The 
macrospore remains within the sporangium, which is eventually set free from the 
mother-plant and floats on the surface of the water. On the germination of the 



Fio. 521.— Salvinia natam. Development 
of the male prothallium. A , Division 
of the niicrospore into three cells 
bill (x 860); B, lateral view ; C, ven- 
tral view of mature prothallium (x 
640). Cell I has divided into the pro- 
thallium cells a and p ; the latter is 
the rhizoid cell ; cell II into the 
sterile cells b, c, and the two cells 
each of which has formed two speima- 
tozoid mother-cells ; cell III into the 
sterile cells d , e, and the two cells s 2 . 
The cells and s^ 2 represent two 
antheridia ; the cells b, c, d , e, their 
wall-cells. (After Belajeff.) 



Fio. 522 . — Salvinia natans. Embryo in longitudinal sec- 
tion ; pr, prothallium ; S, spore-cell ; e, exospore ; p, 
perispore ; spw, sporangial wall ; ar, archogonium ; 
embr, embryo; /, foot; bl h bl% bl 3 , the first three 
leaves ; st, apex of stem, (x 100. After Prinosheim.) 


macrospore, a small-celled female prothallium is formed by the division of the 
denser protoplasm at the apex, while the large underlying cell does not take part 
in the division, but from its reserve-material provides the developing prothallium 
with nourishment. The spore-wall splits into three valves, the sporangial wall is 
ruptured, and the green prothallium protrudes as a small saddle-shaped body. 
On it three to five archegonia are produced, but only the fertilised egg-cell of one 
of them develops into an embryo, the foot of which remains for a time sunk in 
the venter of the archegonium (Fig. 522). The first leaf of the germ-plant is 
shield-shaped (Fig. 518 C) and floats on the surface of the water. 

The development of Azolla ( 121 °) proceeds in a similar manner, but the sporangia 
and spores exhibit a number of distinctive peculiarities. The micro- and' macro- 
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sporocarps at first develop alike ; in each a single macrosporangium is laid down 
surrounded by the tubular indusium, and from the stalk of the macrosporangium the 
microsporangia grow out. In the microsporocarp only the microsporangia develop ; 
in the macrosporocarp, on the other hand, only the macrosporangium becomes mature. 
The sixty* four spores of the microsporangia are aggregated into several nearly 
spherical balls or massulae, formed from the interstitial substance derived from the 


protoplasm of the tapetal cells. 
Each massula, enclosing a number 
of spores, is beset externally with 
barbed, hook-like outgrowths of the 
interstitial substance (glochidia). 


IS 



Fio. 523 . — Marsllia salvatrix. A, Sporo- 
carp ( nat. size) ; $t, stlak. B, Sporo- 
carp opening in water, showing the 
emerging mucilaginous cord. C, The 
mucilaginous cord ( g ) ruptured and fully 
extended ; $r, soral chambers ; sch, hard 
shell of the sporocarp. D , An immature 
sorus ; ma t macrosporangia ; mi , micro- 
sporangia. (After J. Sachs and J. Han- 
stein.) 



Fio. 524. — Marsilia qvadrifvlia. Development of 
the male prothallus from the spore. A , The 
spore ; B, a small prothallial cell (p) is cut off 
by the wall (2); C and D, further divisions, s 2 , 
the mother-cells of the spermatogenous tissue 
in the two antheridia; E , mature condition, two 
groups of sixteen spermatozoids having developed 
from and s 2 , lie in the substance derived from 
the breaking down of the peripheral sterile cells 
w, a spermatozoid, highly magnified. (After 
Lester W. Sharp.) 


On the rupture of the sporangia the massulae are set free in the water, and 
are carried to the macrospores, to which they become attached. In the 
macrosporangium thirty-two macrospores are laid down, but only one comes to 
maturity ; in the course of its development it supplants all the other sporogenoua 
cells, and finally the sporangial wall itself becomes flattened against the inner wall of 
the sporocarp, frequently undergoing at the same time partial dissolution. The 
macrospore is enveloped by a spongy perispore, whose outer surface exhibits 
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numerous depressions and protuberances prolonged into filaments. At the apex of 
the spore the perispore expands into three pear-shaped appendages. The massulae 
become attached to the perispore. The wall of the sporocarp is ruptured at its 
lower portion, the apical portion remaining attached to the spore in the form of 
an ampulla-like covering. The formation of the prothallia is effected in essenti- 
ally the same way as in Salvinia , except that only one antheridium with eight 
spermatozoids arises on each of the small male prothallia protruding from a 
massula. 

The sporocarps of the Marsiliaceae ( la2 ) have a more complicated structure : those 
of Pilularia globulifera are divided into four chambers, each with a single sorus ; in 
the sporocarp of Marsilia there are numerous sori (14-18) disposed in two rows. 
The sori in both genera contain both micro- and macro-sporangia. These arise 
as in many ferns from superficial marginal cells and come to lie in cavities by 

the upgrowth of the surrounding 
tissue. The outer layers of this 
become differentiated to form a 
hard coat. 

After a period of rest the 
sporocarps germinate in water. 
In Pilularia the tissue surrounding 
the sori swells, bursts the hard 
coat, and emerges as a mucilaginous 
mass ; this contains the sporangia, 
from which, by further swelling 
of the walls, the spores become 
free. The development of the 
prothalli and fertilisation take 
place in the mucilaginous mass 
that persists foT some days. The 
sporocarp of Marsilia , on the other 
hand, opens as two valves. A 
cartilaginous cord of tissue lying 
within the dorsal and ventral 
sutures of the sporocarp swells 
greatly, and splitting the ventral 
suture, emerges, bearing with it 
the sori, enclosed by membranous 
investments (Fig. 523). 

From the microspore a reduced 
male prothallus is developed within 
the spore-membrane. This when 
mature contains two antheridia, 
liberates these as cork-screw-like, 
spirally-wound, motile spermatozoids bearing numerous cilia (Fig. 524). 

The thick-walled macrospore has, as in the case of Salvinia , denser protoplasm 
at the summit. This is cut off from the large cell enclosed in the spore-coat by 
a wall, and develops into a small green saddle-shaped prothallus composed of a 
few cells. This only forms a single archegonium and is thus greatly reduced 
(Fig. 525). 

The embryogeny follows the type of the Lepto9porangiate Ferns, the egg-cell 
dividing first by a longitudinally -placed basal wall and then by transverse walls 
into quadrants ; these then divide to give the octants. The first leaf and the root 



Fig. 525. — Marsilia vestita . A, Macrospore with the 
nucleus at the summit in the pi otoplasm from 
which the female prothallus shown in B is derived ; 
o, egg -cell of the archegonium, with the ventrai- 
canal-cell and neck-canal-cell above it; k, nucleus 
of the large cell enclosed in the spore-membrane. 

C, Young embryo in the archegonium showing the 
first divisions; 1, basal wall; 2, quadrant walls. 

D, Later stage ; w, young root ; b, first leaf ; st, stem ; 
/, foot. {A X 60; B x 360; C X 625; D x 260. 
After D. Campbell.) 

each with sixteen spermatogenous cells, and 
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arise from the two upper pairs of octants ; the lower pairs give rise to the foot and 
the stem-apex (Fig. 525 O t D). 

The prothallus grows for a time enclosing the embryo, and forms a few rhizoids 
from its lower cells. If fertilisation does not take place, a somewhat longer-lived 
prothallus results, which does not, however, form further archegonia. 


A survey of the Filicinae shows that they all have relatively large 
leaves which may be highly branched or be simple. The sporophylls 
may be similarly formed to the vegetative leaves or may differ more 
or less from them. They bear the sporangia usually on the lower 
surface. The sporangia may be isolated or numbers may be grouped 
together in sori ; in some cases they are enclosed by special segments 
of the leaf. 

The three Sub -Classes may be briefly characterised thus : 

1. Eusporangiatae. Mature sporangia with a firm wall composed of a 
number of layers of cells. Isosporous. Prothalli subterranean and 
colourless, or superficial and green, always with an endophytic fungus. 
Herbaceous. Leaf-base with stipules. The Eusporangiatae may be 
regarded as the most primitive of the three sub-classes on account of 
the slight differentiation of their shoot, and the less marked dorsi- 
ventrality of their prothallus. 

2. Leptosporangiatae. Sporangia with a wall composed of one 
layer of cells and a special opening mechanism (annulus). Isosporous. 
Prothalli green, autotrophic, monoecious or dioecious. Plants herba- 
ceous or dendroid, without secondary growth in thickness. Leaves 
variously shaped, circinately coiled when young, without stipules. 

3. Hydropterideae. Sporangia with wall of one layer of cells ; 
without annulus. Sori enclosed in sporocarps. Heterosporous. 
Prothalli always very much reduced, and developing within the 
spore. Aquatic or marsh-plants with creeping rhizomes. 

The Eusporangiatae and Leptosporangiatae were already well developed in the 
Carboniferous period, the former coming somewhat earlier than the latter ; the 
Hydropterideae make their first appearance in the Trias. While the Lepto- 
sporangiatae still exist in great numbers and variety (the Family Polypodiaceae 
alone contains several thousand species), the Eusporangiatae were more richly 
represented in earlier geological periods ; they now consist of only two families 
containing few genera. 


Class YII 

Pteridospermae (Seed-Fepns) ( 132 > 134 ) 

The Pteridospermae, which are also spoken of as Cycadofilicinae, are fossil 
plants which are known from the Lower Carboniferous. Their fronds were highly 
pinnate ( Sphenopteris , Fig. 526), and the plant as a whole had the general habit 
of a tree-fern. The stem was unbranched or produced a few axillary branches 
(Lyginodcndron). It had secondary growth in thickness by means of a cambium. 
This produced to the inside the radially seriated elements of the secondary wood 
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around the large central pitli ; to the outside a zone of bast was formed (Fig. 
527). The leaf-trace bundles can be followed inwards from the cortex through 
the secondary wood to join the strands of primary wood at the periphery of the 
pith. The roots also had secondary thickening. 

The Pteridosperms were heterosporous. Their sporangia were borne on fronds 
that are scarcely to be distinguished from the fronds of the true Ferns. The 



Fio. 520. — Lyyinodendron. Frond. (Sphenojderis Noeiiingh/iusii. ) (Reduced After Poms itf.) 

eusporangiate microsporangia were situated on the lower side of certain pinnules 
or on modified portions of the leaf. 

The MACROSPORANGIUM, which had a firm wall, contained only one 
macrospore, and this was coherent with the tissue of the macro- 
sporangium. The latter was (as in the Lepidodendrales) surrounded 
by an integument open at the apex only. Around the whole 
structure there was frequently a cup-shaped upgrowth, the cupule 
(Figs. 528, 529). Into the opening of the integument (micropyle) 


T)IV, I 


PTERIDOPHYTA 


539 


there projected from below an outgrowth of the macrosporangium. 
This was hollow and formed a chamber around a conical central 
column. Since similar structures are met with among Gymnosperms 
(see p. 574), it may be assumed that the chamber in the Pterido- 
sperms also served to receive the microspores, probably distributed 
by the wind. In this microspore-chamber the microspores would 
then liberate their spermatozoids. The embryo is still unknown. 

The Pteridospermae possess the highest grade of organisation 
among the Pteridophytes. It is noteworthy that this stage had 



Fio. 527 .— Ljfijhwilmdron ohlhamium. Transverse section of stem. (x ‘2fc. After Scott.) 

been already reached in the Carboniferous period. The group became 
extinct in the Permian. 


Survey of the Pteridophyta 

The Pteridophyta are plants the life-history of which is based on a 
regular alternation of okn krations (Fig. 530). The diploid asexual 
generation exhibits great variety, and is the larger and much the 
more highly differentiated stage in the life-history. Tracheides make 
their appearance as an entirely new feature in the sporophyte, and 
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so facilitate the conduction of water in the plant that this can assume 
the form of a highly segmented and sometimes dendroid land-plant. 
This contrasts with the condition in the Bryophyta, which, for want 
of well -developed conducting tracts, are unable to attain any con- 
siderable size ( 89 ). 

The asexual spores, the formation of which is associated with the 
reduction-division, are produced in sporangia. These are borne on 
sporophylls which are frequently more or less different in habit from 
the other leaves and are often associated in special cones (flowers). In 
the lower forms the spores are all of one kind (isospory), but in higher 
forms a differentiation into microspores and macrospores takes place 



gium ( LagenosUma ). The 

Fig. 528. — Lyginodendron macrospomngium. A, Diagrammatic open cupule bears stalked 

longitudinal section. B, Longitudinal section of the upper glands. Reconstruction, 

portion, (x 25.) M, microspore-chamber ; J, integument ; C, (After Scott, from Engler- 
cupule. Pkantl.) 

(heterospory). In the latter case the prothalli are also distinguished 
into smaller male and larger female prothalli. 

The HAPLOID gametophyte does not attain any higher differentia- 
tion than that of a thallus, and soon comes to the end of its development 
with the formation of antheridia and archegonia that are simpler 
in construction than those of the Bryophyta. In the heterosporous 
forms indeed there is no independently living gametophyte, for the 
prothallus, consisting of relatively few cells, remains more or less 
enclosed within the spore. The reduction is extreme in the case of 
the male gametophytes which remain enclosed by the spore-walls, and 
consist of a single vegetative cell bearing a single antheridium ; only 
the small number of spermatozoids that are formed escape from the 
spore. The female prothalli, though composed of a larger number of 
cells, are also greatly reduced ; their whole tissue is enclosed by the 
wall of the spore, from which the embryo, developed as a result of 
fertilisation, emerges. In some cases this reduction of the sexual 
generation is emphasised by the macrospore not escaping from the 
macrosporangium ; and in extreme cases the macrosporangium being 
more closely attached to the sporophyte by the development of an 
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integument, fertilisation and even the germination of the new sporo- 
phyte may thus take place on the parent plant. 

All these relations in the Pteridophyta lead so clearly to the 
condition found in the Spermatophyta that it is difficult to draw a 
line between the two groups. 

Thus the Pteridosperms, included 
here among Pteridophyta, may 
alternatively be regarded as true 
Gymnosperms. 

Within the various classes of 
the Pteridophyta heterospory 
has originated independently 
several times, as has also “seed- 
formation.” A further develop- 
ment to higher plants has only 
taken place in the case of the 
Pteridosperms, which on the other 
side exhibit connections with the 
Eusporangiatae ; the correspond- 
ing Lepidodendrales, on the 
other hand, appear to have ended 
blindly. 

The lower phylogenetic connec- 
tion of the Pteridophyta is less 
clear. In spite of the resemblances 
in the sexual organs, a derivation 
from the Bryophyta does not seem 
possible, for it is difficult to see 
how the highly differentiated 
sporophyte in the Pteridophyta 
can have originated from the 
dependent sporogonium. We are 
therefore forced to assume that the 
Bryophyta and Pteridophyta re- 
present two parallel branches of 
the phylogenetic tree, which have 
taken origin in some unknown 
way from the Algae ; while the 
Bryophyta end blindly, the Pteridophyta have developed further as 
the Spermatophyta. 



Fiq. f»30. — Diagrammatic figures of the life- 
history of a Fern. (», gametophyte ; <S, 
sporophyte ; Sp, spore ; r, haploid (thin lines) ; 
2x, diploid (thick lines). 


The most primitive Pteridophyta are the Psilophytinae which appear in the 
Silurian, and thus earlier than any other Pteridophytes. In spite of the presence 
of true vascular bundles, their simplest leafless representatives, with sporangia 
terminating branches of the assimilating shoots, have a very “alga-like” habit. 
On the other hand, the forms with simple leaves connect, so far as habit is 
concerned, with the similarly small - leaved Lycopodiinae ; they cannot be 



542 


BOTANY 


PART II 


directly connected, however, since in the Lycopodiinae the sporangia are borne 
on sporophylls. 

The various classes of Pteridophyta are somewhat loosely connected with one 
another. In particular, the forms with the small Lycopod-type of leaf are sharply 
distinguished from those with the large Fern- type of leaf. Probably all the classes 
are to be traced back as parallel lines to a common stock. The above arrangement 
of the classes does not therefore represent a phylogenetic succession. 

Survey of the Classes of the Pteridophyta : 

Psilophytinae. Leafless or with small leaves ; sporangia terminal, 
not on leaves ; isosporous. 

Lycopodiinae. Leaves small ; sporangia solitary on the upper 
surface of the sporophyll ; isosporous or heterosporous ; 
spermatozoids bi-ciliate. (Orders : Lycopodiales, Selagi- 
nellales, Lepidodendrales, see p. 515.) 

Psilotinae. Leaves small ; sporangia pluriloeular, on the upper 
surface of the sporophyll ; isosporous ; spermatozoids 
multiciliate. 

Equisetinae. Leaves small, in whorls ; sporangia borne in 
numbers on the lower side of the sporophyll ; isosporous 
or heterosporous ; spermatozoids multiciliate. (Orders : 
Equisetales, Sphenophyllales, see p, 520.) 

Isoetinae. Leaves large relatively to the stem ; sporangia 
solitary on the upper surface of the sporophyll ; 
heterosporous ; spermatozoids multiciliate. 

Filicinae. Leaves large ; sporangia numerous on the under 
side of the leaves ; spermatozoids multiciliate. 

Sub-class Eusporangiatae. Sporangial wall firm ; isosporous. 

Sub-class Leptosporangiatae. Sporangial wall thin ; isosporous. 

Sub-class Hydropterideae. Sporangial wall thin ; heterosporous. 

Pteridospermae. Leaves large ; heterosporous ; microsporangia 
numerous on the lower side of the sporophyll ; macro- 
sporangium with only one macrospore, which is not shed 
from the sporangium (“ ovule ”). 


Survey of the Spore-Plants (Thallophyta, Bryophyta, Pteridophyta) 

The relationships of these plants are in many points obscure, as 
has been seen in the sections dealing with the various groups. A 
phylogenetic tree is given in Fig. 531. The black lines indicate 
relationships which may be assumed with some certainty ; the dotted 
lines others that are doubtful. Where several lines are given they 
indicate alternative possibilities. Where no connections are indicated 
the relation of the class to others is still quite obscure. 

As the diagram shows, the majority of the classes may be derived directly or 
indirectly from the Flagellatae. This appears most clearly from the organisation 
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of the reproductive cells ; both asexual swarm-spores and gametes are in many 
cases ciliated naked protoplasts of a Flagellate type. In the Bryophyta and 



Pteridophyta, and even in the Cycadeae and Ginkgoaceae, this is seen in the case 
of the male gametes ; though these are secondarily modified, their ontogeny indicates 
the phylogenetic original form. 
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The Transition from the Pteridophyta to the Spermatophyta ( 1 ). — 
The Pteridophyta are characterised by the type of alternation of 
generations they exhibit. The spore gives rise to the independently 
living, haploid gametophyte. This is the short-lived prothallus, from 
the fertilised egg -cell of which the physiologically independent 
diploid sporophyte arises and forms the Fern, Horse-tail, or Club- 
moss. The appearance of heterospory leads to a further reduction of 
the prothallus, which ceases to produce both kinds of sexual organs. 
In the germination of the microspores only a single, vegetative pro- 
thallium-cell is to be recognised, the remainder of the small prothallium 
representing one or more antheridia. The female prothallium, which 
in Salvinia still becomes green and emerges from the macrospore, in 
Selagimlla and Isoetes has lost the power of independent nutrition. 
The prothallium begins its development while still within the macro- 
sporangium of the parent plant, and the macrospore, after being set 
free, only opens in order to allow of the access of the spermatozoids 
to the archegonia. From the fertilised egg, the embryo develops 
without a resting period into the young sporophyte. 

The simplest Spermatophyta are only distinguished by inessential 
differences from these most highly differentiated Archegoniatae. 

The MACROSPORE, which in the Spermatophyta is termed the 
embryo-sac, remains enclosed in the macrosporangium or ovule 
(Fig. 532). The latter consists of the nucellus (ti), from the base of 
which (the chalaza ( ch )) one or two integuments (ii> ia) arise ; these 
grow up as tubular investments of the nucellus and only leave a small 
passage, the micropyle (m), leading to the tip of the latter. The 
ovule is attached to the macro-sporophyll or carpel by a stalk or 
funiculus (/), which is often very short. The region to which one 
or more ovules are attached is called the placenta. If the nucellus 
forms the direct continuation of the funiculus the ovule is termed 
straight or ATROPOUS. More frequently the funiculus is sharply 
curved just below the chalaza, so that the ovule is bent back alongside 
its stalk (ANATROPOUS ovule). The line of junction of the funiculus 

547 



548 


BOTANY 


PART II 


with the outer integument is still recognisable in the ripe seed, and 
is termed the raphe. Lastly the ovule itself may be curved, in which 
case it is spoken of as campylotropous. The three types are dia- 
graramatically represented in Fig. 532 A-C 

As a rule only one embryo-sac is contained in an ovule. In the 
same way as the four macrospores originate by the tetrad division in 
the macrosporangium of Selaginella, in the macrosporangium (ovule) of 
the Spermatophyta there is usually a single embryo-sac mother-cell 
which divides into four daughter cells ; three of these do not develop 
further, while the fourth becomes the embryo-sac. The embryo-sac 
of the simplest Spermatophyta also resembles the macrospore in 
becoming filled with prothallial tissue, here termed the endosperm ; 
one or more archegonia with large egg-cells are developed at the 
summit of this. The fertilised ovum develops into the embryo while 

m ia ii cli 




Fio. 532. — A, Atropous ; B ) anatropous ; C, campylotropous ovules. Diagrammatic and magnified. 
Modified from Schimper. Description in the text. 


still enclosed within the macrospore and at the expense of the parent 
plant. When the embryo has reached a certain stage in its develop- 
ment, which is different and characteristic in different plants, its growth 
is arrested, and after the separation from the parent plant it under- 
goes a period of rest. It is still surrounded by the other portions of 
the macrosporangium, viz. the prothallium or endosperm, the nucellus 
(if this still persists), and the seed-coat formed from the integuments.. 
The complete structure derived from the ovule is termed a 

SEED, AND THE FURTHER DEVELOPMENT OF THE UNOPENED MACRO- 
SPORANGIUM TO FORM A SEED IS CHARACTERISTIC OF ALL SEED-PLANTS 

or Spermatophyta. 

The microspores of the Spermatophyta are called pollen-grains. 
They are formed in large numbers within the microsporangia or 
POLLEN-SACS, which are borne singly or in numbers on the MICRO- 
SPOROPHYLLS or stamens. The part of the stamen which bears the 
pollen-sacs is usually clearly distinguishable and is called the anther. 



DIV. II 


SPERMATOPHYTA 


549 


The development of the pollen -sac (Fig. 533) commences with 
divisions parallel to the surface taking place in cells of the hypodermal 
layer ; this separates the cells of the primary archesporium from an 
outer layer of cells. The latter divides to form three layers of cells. 
The outermost layer of the wall in Gymnosperms and the hypodermal 
layer in the Angiosperms gives rise to the fibrous layer and the inner- 
most layer to the tapetum. The archesporium, after undergoing a 
number of divisions, forms the pollen-mother-cells, each of which divides 
as in Bryophytes and Pteridophytes into four daughter-cells. These 



Fio. 5M.—HcmerocalHs fulva. A, Transverse section of an almost ripe anther, showing the loculi 
ruptured in cutting ; p, partition wall between the loculi ; a, groove in connective ; /, vascular 
bundle ( x 14). B, Transverse section of young anther (x 28). C , Part of transverse section of a 
pollen-sac ; pm, pollen-mother-cells ; t, tapetal layer, later undergoing dissolution ; c, inter- 
mediate parietal layer, becoming ultimately compressed and disorganised ; /, parietal layer of 
eventually fibrous cells; c, epidermis (x 240). D and E, Pollen-mother-cells of Alchemilla 
ftpeciosa in process of division (x 1125). F, Mature tetrad of Bryonia dioica (x800). (After 
Strasburqer.) 


are the pollen -grains, and are spherical or ellipsoidal in shape and 
provided with a cell-wall ; an external cutinised layer (the exine), 
and an inner cellulose layer, rich in pectic substances (the intine), 
can be distinguished in the wall. 

While the male sexual cells of all archegoniate plants are depend- 
ent on water for their conveyance to the female organs, the transport 
of the pollen-grains to the egg-cells is brought about in Spermatophytes 
by means of the wind or by animals. However far the reduction of 
the male prothallium has proceeded — and even in the case of the 
heterosporous Pteridophyta only a single sterile cell was present — two 
constituent parts are always distinguishable in the germinating pollen- 
grain; these are a vegetative cell which grows out as the 
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pollen-tube, and an antheridial cell which ultimately gives rise 
to two generative cells. The pollen-tube, the wall of which is 
continuous with the intine of the pollen - grain, ruptures the exine 
and penetrates, owing to its chemotropic irritability, into the tissue 
of the macrosporangium (cf. p. 355). The antheridial cell passes into 
the pollen-tube and sooner or later gives rise to two generative cells 
which reach the embryo-sac and egg-cell by passing along the pollen- 
tube. The name Siphonogams has been applied to the seed-plants on 
account of the common character of the group afforded by the formation 
of a pollen-tube. 

The results reached by the above survey may be summarised by 
saying that the Phanerogams continue the series of the Archegoniatae 
and agree with the latter in exhibiting an alternation of generations 
(cf. the Scheme on p. 552). While the sporophyte becomes more 
complex in form and more highly organised, there is a corresponding 
reduction of the gametophyte. The female sexual generation is en- 
closed, throughout its whole development, in the asexual plant, and only 
becomes separated from the latter in the seed, which further contains as 
the embryo the commencement of the succeeding asexual generation. 

The investigations made of recent years into the phenomena of the 
reduction-division (cf. p. 189) in the spore-mother-cells of Archegoniates 
and Spermatophyta have resulted in a confirmation of the limits of the 
two generations in the latter ( 2 ). The number of chromosomes char- 
acteristic of any plant is diminished to one-half, during the divisions 
that lead to the origin of the sexual generation, and the full number 
of chromosomes is not again attained until fertilisation takes place. 
The asexual generation has always the double number, the sexual 
generation the single number of chromosomes. The gametophyte is 
haploid, the sporophyte diploid. 

The Spermatophyta are divided into two classes which differ in 
their whole construction : (1) the Gymnosperms, with naked seeds; 

(2) THE AnGIOSPERMS, WITH SEEDS ENCLOSED IN AN OVARY. THE 
CARPELS OF THE AnGIOSPERMS FORM A CLOSED CAVITY, THE OVARY, 
WITHIN WHICH THE OVULES DEVELOP. SUCH AN OVARY IS WANTING 

in the Gymnosperms, the ovules of which are borne freely 

EXPOSED ON THE UPPER SURFACE OR MARGINS OF THE MACROSPORO- 
PHYLLS OR CARPELS. 

The Gymnosperms are the phylogenetically older group. Their 
construction is simpler and in the relations of their sexual generation 
they connect directly with the heterosporous Archegoniatae. 

The Angiosperms exhibit a much wider range in their morpho- 
logical and anatomical structure. The course of their life-history 
differs considerably from that of the Gymnosperms, and without the 
intermediate links supplied by the latter group the correspondence 
with the life-history of the Archegoniatae would not be so clearly 
recognisable. 
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These conclusions are confirmed by the evidence afforded by 
Palaeobotany. Gymnosperms or forms resembling them are found, 
along with what appear to be intermediate forms between the Gymno- 
sperms and the Pteridophyta, in the fossiliferous rocks of the Devonian, 
Carboniferous, and Permian formations. The Angiosperms are, on 



Fia. &34.—Pinus montana. A, Longitudinal section of a ripe male flower (x 10). B t Longitudinal 
section of a single stamen (x 20). C , Transverse section of a stamen (x 27). D, A ripe pollen- 
grain of Pinus sylvestris ( x 400). (After Strasburger.) 

the other hand, first known with certainty from the Cretaceous 
formation. 


Morphology and Ecology of the Flower ( h 8 ) 

1. Morphology. — The flowers of the Gymnosperms are all 
unisexual and diclinous. The macrosporophylls form the female, the 
microsporophylls the male flowers. The two sexes are found either 
on the same individual (monoecious), or each plant bears either male 
or female flowers (dioecious). Leaves forming an envelope around 
the group of sporophylls are only found in the Gnetaceae in the 
group of Gymnosperms. 

The male flowers of Gymnosperms are shoots of limited length, 
the axis of which bears the closely crowded and usually spirally 
arranged sporophylls. The scales which invested the flower in the 
bud often persist at the base of the axis (Fig. 534). 
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The microsporangia are borne on the lower surface of the 
sporophylls, two or more being present on each. Their opening is 
determined as in the sporangia of the Pteridophyta by the peculiar 
construction of the outer layer of cells of the wall (exothecium). 
The pollen-grains are spherical, and are frequently provided with two 
sacs filled with air, which increase their buoyancy and assist in their 
distribution by the wind (Fig. 534, A-D). On germination the outer 
firm layer of the wall of the pollen-grain (exine) is completely lost, 
being fractured by the increase in size of the protoplasmic body. 

In many Gymnosperms the female flowers or cones resemble 



the male flowers in being composed of an axis bearing numerous 
spirally-arranged sporophylls. In other cases they differ from this 

type in various ways, which 
will be described below 
(pp. 604 ff.). 

In Angiosperms, on the 
other hand, a union of micro- 
and macro-sporophylls in the 
one flower, which is thus 
HERMAPHRODITE, and the 


Fig. 635.— Flower of Paeonia peregrina. k, Calyx, and 
c, corolla, together forming the perianth ; a, 
androecium ; g f gynaeceum. The anterior portion 
of the perianth has been removed. ($ nat. size. 
After Schenck.) 


Fio. 536.— Flower of Acorn* Calamus, 
pg , Perigone ; a, androecium ; g , 
gynaeceum. (Enlarged. After 
Engler.) 


investment of the flower by coloured leaves (differing in appearance 
from the foliage leaves), forming a perianth, is the rule (Figs. 535, 
536). In contrast to the unisexual or diclinous flower with 
the sporophylls arranged spirally on an elongated axis, which is 
characteristic of the Gymnosperms, the perianth - leaves and sporo- 
phylls in the Angiosperms are usually borne in whorls on a greatly 
shortened axis. The arrangement of the floral leaves in 

WHORLS, THE COLOURED PERIANTH, AND THE HERMAPHRODITE NATURE 
OF THE FLOWERS ARE THUS CHARACTERISTIC OF ANGIOSPERMS, although 
these features do not apply without exceptions to all angiospermic 
flowers. These differences depend on the important factor of the 
means OF pollination. When this function is performed by 
the wind, the elongation of the axis and the absence of an invest- 
ment of leaves around the female receptive organ are advantageous. 
When, on the other hand, pollination is effected by insects or birds, 
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the conspicuousness given by the presence of a perianth and other 
attractions, such as scent or sweet-tasting substances, are necessary. 
The form of the flower, the arrangement of the sporophylls in it, and 
the place at which nectar is secreted must be adapted to the body- 
form or the habits of the visiting animals. It is to this that the 
variety of form and colour exhibited in the flowers of Angiosperms 
must be ascribed. 

The association of hermaphrodite and unisexual flowers on the same plant 
leads in certain Angiosperms to what is known as polygamy. When herma- 
phrodite and unisexual flowers are distributed on distinct individuals we have 
andro- or gyno-dioecism ; when on the same individual andro- or gyno-monoecism. 

The perianth usually consists of two whorls of members : these 
may be similar in form and colour ( e.g . Lilium ), when the name 
PERIGONE is given to them, or may be differentiated into an outer 
green CALYX and an inner whorl of coloured leaves, the COROLLA (e.g. 
Rosa). In every complete flower two whorls of stamens or micro- 
sporophylls come next within the perianth, and within these again a 
whorl of carpels or macrosporophylls. The whorls alternate regularly 
with one another. The stamens collectively form the androecium, 
the carpels the gynaeceum. 

Each stamen consists of a cylindrical stalk or filament and of 
the anther ; the latter is formed of two THECAE or pairs of pollen- 
sacs joined by the continuation of the filament, the connective (Fig. 

537) . According to whether the thecae are turned inwards, i.e. 
towards the whorl of carpels, or outwards, the anther is described as 
introrse or extrorse. The opening of the ripe theca depends as a 
rule (except in the Ericaceae) on the peculiar construction of the 
hypodermal layer of the wall of the pollen-sac. This is called the 
FIBROUS LAYER or endothecium. On the other hand, in the Gymno- 
sperms (excluding Ginkgo , cf. p. 604), as in the Ferns, the dehiscence 
is effected by means of the external layer of cells (exothecium). 
As a rule the septum between the two pollen-sacs breaks down, so 
that they are both opened by the one split in the wall (Fig. 533 A). 
The microspores in anemophilous plants are smooth, dry, and light, 
and adapted for distribution by the wind. In entomophilous flowers, 
on the other hand, the exine is frequently sticky or provided with 
spiny projections, and the pollen-grains are thus enabled to attach 
themselves better to the bodies of the insect visitors. They also 
differ from the pollen-grains of the Gymnosperms in not losing the 
exine on germination, but having more or less numerous spots in the 
wall prepared beforehand for the emission of the pollen-tube (Fig. 

538) . Sterile stamens which do not produce fertile pollen are termed 
STAMINODES (cf. e.g . the Scitamineae). 

The flower is terminated above by the gynaeceum. The carpels 
composing this may remain free and each give rise to a separate fruit 
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(apocarpous gynaeceum) (Figs. 539, 542 A), or they unite together 
to form the ovary (syncarpous gynaeceum) (Fig. 540). The 


Fia. 537 .—A and B, Anterior 
and posterior view of a sta- 
men of Hyoscyamus niger ; 

/, the tilanient ; p , anther ; 
c, connective (magnified). 

(After Sciiimper.) 

carpels, as a rule, bear the ovules on their margins, on more or less 
evident outgrowths which are termed PLACENTAS (Fig. 539^). In 
apocarpous gynaecea the ^ 

ovules are thus borne on \ 

the united margins of the Ij . . * 1 

carpels, each margin bearing y 1 j W 

a row of ovules. This is 

termed the ventral suture, V, \A / \ JJ 

while the midrib of the \\ \ \ / \ //.» 


Fio. 538. —Pollen grain ofMalva sylvestris. 
S, Spinous projections of the exine ; s , 
vertically striated layer of the exine ; 
p, the same seen from above ; a, places 
of exit of pollen-tubes. (After A. 
Meyer.) 


Fia. 589 . — Delphinium con - 
solida. Cross-section of the 
ovary, showing the ovules 
on the placenta (p). (After 
Engler-Prantl.) 


F.g. 540. — Sambucus nigra. Longitudinal sec- 
tion of flower, s, Ovule ; n, stigma. (After 
Tschirch-Osterle.) 


carpel forms the DORSAL SUTURE. In syncarpous ovaries the ovules 
are similarly borne on the margins of the coherent carpels (Fig. 541 pi). 

The placentation is termed parietal when the placentas form projections 
from the inner surface of the wall of the ovary (Fig. 641 D ). If the margins of 
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the carpels project farther into the ovary, and divide its cavity into chambers or 
loculi, the placentas are correspondingly altered in position, and the placentation 
becomes axile (Fig. 541 £). In contrast to such true septa, formed of the 
marginal portions of the carpels, those that arise as outgrowths of the surface or 
sutures of the carpels, as in the Cruciferae, are called false septa (Fig. 683). By 


A BCD 



Fio. 541.— Transverse sections of ovaries. A, Lobelia ; B, Diapensia; C, Rhododendron ; 
D, Passiflora ; pi, placenta ; sa, ovules. (After Le Maout and Decaisne.) 


the upgrowth of the floral axis in the centre of the ovary what is known as free 
central placentation comes about (e.g. Primulaceae). The projecting axis 
cannot be sharply distinguished from the tissue of the carpels. The septa, w T hich 
were originally present, are arrested at an early stage of development or com- 



Fio. 542.— Different forms of gynaecea. A, Of Aconitum Napellus ; B, of Llnum usitatissimm ; 
C, of Nicotiana rustica ; D, style and stigma of Achillea millefolium ; /, ovary; g, style; 
n, stigma. (After Berg and Schmidt, magnified.) 

pletely disappear, so that the ovules are borne on the central axis covered with 
carpcllary tissue and enclosed in a wall formed by the outer portions of the carpels. 

Each carpel in an apocarpous gynaeceum is usually prolonged above 
into a stalk-like style terminating in a variously-shaped stigma. The 
stigma serves as the receptive apparatus for the pollen, and in relation 
to this is often papillate or moist and sticky (Fig. 542 D). When 
the gynaeceum is completely syncarpous, it has only one style and 
stigma. In Fig. 542 an apocarpous (A) and a syncarpous gynaeceum 
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(C) are represented, together with one in which the carpels are coherent 
below to form the ovary while the styles are free (B). 

The position of the ovules within the ovary may be erect, 
pendulous, horizontal, or oblique to the longer axis (Figs. 543, 544). 
In anatropous ovules the raphe is said to be ventral when it is turned 



Fio. 543. — Ovary of Coiiium macidatum with 
pendulous ovules, in longitudinal section. 
Raphe ventral. (After Tschirch-Osterle.) 



Fio. 544.— Ovaries containing basal ovules 
shown in longitudinal section. A, Fago - 
pyrum. escule nt urn, (atropous) ; B, Armeria 
maritime!, (anatropous). (x 20. After 
Duchartre.) 


towards the ventral side of the carpel, and dorsal if towards the 
dorsal side of the carpel. 

The differences in the form of the FLORAL axis, which involve 
changes in the position of the gynaeceum, lead to differences in the form 
of the flower itself. Some of the commonest cases are diagrammatically 
represented in Fig. 545 A-C . The summit of the floral axis is usually 



Fiu. 545.— Diagram of (A) hypogynous, (B, B 1 ) perigynous, and ( C ) epigynous flowers. 
(After Schimper.) 


thicker than the stalk-like portion below; it is often widened out 
and projecting, or it may be depressed and form a cavity. If the 
whorls of members of the flower are situated above one another on a 
simple, conical axis, the gynaeceum forms the uppermost whorl 

AND IS SPOKEN OF AS SUPERIOR, WHILE THE FLOWER IS TERMED 
hypogynous (Fig. 546, 1). If, however, the end of the axis is 
expanded into a flat or cup-shaped receptacle (hypanthium), an interval 
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thus separating the androecium and gynaeceum, the flower is termed 
perigynous (Figs. 545 By B\ 546, 2). When the concave floral axis, 
the margin of which bears the androecium, becomes adherent to the 
gynaeceum, the latter is said to be INFERIOR, while the flower is 
described as epigynous (Fig. 546, 3). 

The regions of the axis, or of other parts of the flower which 
excrete a sugary solution to attract the pollinating animal visitors, 
are called nectaries. Their ecological importance is considerable. 

In a typical angiospermic flower the organs are thus arranged in 
five alternating whorls, of which two comprise the perianth, two the 
androecium, while the gynaeceum consists of one whorl. The flower 
is pentacyclic. The number of members is either the same in each 
whorl ( e.g . three in a typical Monocotyledon flower, or five in a typical 
Dicotyledon flower), or an increase or decrease in the number takes 



Fig. 54f>,— Flowers in longitudinal section. 1, Ranunculus sceleratm with numerous apocnrpous 
carpels on a club-shaped receptacle; hypogynous flower. (After Baillon, magnilied.) 
2, Alchemilla alpina, perigynous; 3, Pyrus Malm, epigynous. (After Focke in Nat. PJlanzen - 
familien, magnified.) 

place. This is especially the case with the whorls composing the 
androecium and gynaeceum. Further, as is shown in the androecium, 
a whorl may be entirely omitted or the number of whorls may be 
increased. Flowers with only one whorl in the androecium are 
termed haplostemonous, and those with two whorls diprostemonous. 
When the outer whorl of the androecium (and in correspondence with 
this the carpels) does not alternate with the corolla but falls directly 
above this, the androecium is obdiplostemonous. 

A diagram (cf. p. 84) of a pentacyclic Monocotyledon flower, so 
oriented that the cross-section of the axis of the inflorescence stands 
above and that of the subtending bract (cf. p. 117) below, is given in 
Fig. 547, and that of a Dicotyledon flower in Fig. 548. 

Both these floral diagrams are spoken of as empirical diagrams. A 
theoretical diagram, on the other hand, is obtained when not only the organs 
actually present are represented but also others the former presence of which 
must be assumed on phylogenetic grounds. Thus in the Iridaceae, which are 
closely related to the Liliaceae, only one whorl of stamens (the outer) is present ; 
the inner whorl which might have been expected has been lost. When the 
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position of the missing members is marked by crosses in the empirical diagram the 
theoretical floral diagram of the Iridaceae is obtained (Fig. 549). Occasionally 
“complete ” flowers of Iris are met with corresponding to the theoretical diagram, 
Heinricher ( 4 ) has succeeded in propagating this floral form by seed. Such a 
reversion to ancestral characters is termed “atavism ” (cf. p. 194). 

A floral formula gives a short expression for the members of a flower as shown 
in the floral diagram. Denoting the calyx by K, the corolla by C (if the perianth 
forms a perigone it is denoted by P), the androecium by A, and the gynaeceum 
by G, the number of members in each case is placed after the letter. When 
there is a large number of members in a whorl the symbol oo is used, denoting 
that the number is large or indefinite. Such a formula may be further made to 
denote the cohesion of the members of a whorl by enclosing the proper number 
within brackets ; by placing a horizontal line below or above the number of 
the carpels the superior or inferior position of the ovary is expressed. 

• 


Fio. 549.— Theoretical dia- 
gram of the flower of 
Iris , The missing 

whorl of stamens is 
indicated by crosses. 
(After Schenck.) 

The floral diagrams in Figs. 547 and 548 would be expressed respectively 
by the floral formulae, P3 + 3, A3 + 3, G{3) for the Monocotyledon, and K5, C5, 
A5 + 5, G(5) for the Dicotyledon. _Otlier examples are Ranunculus, K5, C5, 
Aoo, Goo ; Hemlock, K5, C5, A5, G(2) ; Artemisia, KO, C(5), A(5), G(‘2). 

By displacement of the floral members, by inequalities in their 
size, or by the suppression of some of them, the original radial 
(actinomorphic) construction (Fig. 551 A) is modified; either dorsi- 
ventral (zygomorphic) flowers (Fig. 551 B) or completely asymmetrical 
flowers (Fig. 551 C) may result. In the floral formula © indicates an 
actinomorphic and ^ a zygomorphic flower, e.g. Laburnum, ^ K5, 
C5, A (5 + 5), GL Zygomorphic flowers always tend to assume a 
definite position in relation to the vertical. Radial monstrosities of 
normally dorsiventral flowers are termed pelorie. 

Inflorescences. 

The flowers of Angiosperms stand singly in relatively few cases. 
They are much more commonly grouped in smaller or larger numbers 






Fio. 547.— Diagram of 
a pentacyclic mono- 
cotyledonous flower 
( IAlium ). (After 

Schenck.) 





Fio. 548.— Diagram of 
a pentacyclic dico- 
tyledonous flower 
( Viscana ). (After 

Eichler.) 
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on special branch-systems which are termed inflorescences. These 
contrast with vegetative branch-systems by the crowded position of 
their lateral branches, the usual development as scale-leaves of 
the subtending leaves or bracts, in the axils of which the lateral 
branches or the individual flowers stand, and by the development, in 



Fig. 550. — Atavistic form of Iris pallida Lam, dbavia . (After E. Heinricher.) 

many cases at least, of all the axillary buds. In the case of the 
inflorescences of the Cruciferae, bracts are completely wanting. 

A. The Main Axis grows more strongly than the Lateral Axes 

Inflorescences, like vegetative branch -systems, may be monopodial (cf. p. 22), 
the main axis growing more actively than its lateral branches, or at least as 
actively ; such racemose inflorescences exhibit various forms (cf. diagrams, 
Fig. 552). 

( a ) Lateral axes unbranched. 

1. Raceme : stalked flowers borne on an elongated main axis (Fig. 

552 A , Fig. 555). 

2. Spike : flowers sessile on an elongated main axis (Fig. 552 j?, Fig. 

553). A spike in which the axis is thickened and succulent is 
termed a spadix : a spike which, after flowering or after the 
fruits have ripened, falls off as a whole is a catkin (Fig. 554). 
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3. Umbel : a number of lateral axes bearing flowers on a main axis 

which grows to the same length and ends in a flower (Fig. 662 G , 
Fig. 556). 

4. Capitulum or head : flowers sessile on a shortened, and often 

broadened, main axis (Fig. 552 D (Compositae) Fig. 818). 

{b) Lateral axes branched. 

1. Panicle : an elongated main axis bearing racemes laterally (Fig. 

552 E, Fig. 557). 

2. Compound umbel : an umbel which has small umbels in place of 

the single flowers (Fig. 552 F, Fig. 756). 


B. The Main Axis grows less strongly than the Lateral Axes 


If the relative main axis is overtopped by the lateral axis each time, the inflor- 



Fio. 551.— A, Actinomorphic flower of Geranium sanguincum. B, 
Zygomorphic flower of Viola tricolor. (After A. F. W. 

€, Asymmetrical flower of Carina iridijlora ; /, ovary ; k, calyx ; c 
corolla ; l, labellum ; s^_ 8 , the other starainodes ; a, fertile anther 
g, stigma. (J nat. size. After H. Schenck.) 


escence is cymose. These cymose inflorescences can be divided according to the 
number and position of the lateral shoots into the pleiochasium, dichasium and 
monochasium. These types of branching have already been described (p. 122), 
and represented; in ground-plan (Fig. 148). There also the monochastal branch- 
systems, the drepanium, and rhipidium, and also the bostryx and cincinnus, 
derived from the dichasium, are sufficiently treated. It is only necessary here to 
represent a typical dichasium (Fig. 558) and a cincinnus (Fig. 559). 

2. Ecology. Pollination of Flowers ( 5 ) (cf. p. 188). — Many 
differences in the structure of flowers and in the arrangement of 
their organs which would otherwise be doubtful are explained when 
they are regarded ecologically. All flowers have the function of pro- 
ducing progeny sexually ; the methods leading to this common end are, 
however, very various. In contrast to the Bryophyta and Pteridophyta 
in which the union of the sexual cells is effected by the aid of water, 
the Spermatophyta, which do not separate a motile male gamete, and 

20 
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have the egg-cells permanently enclosed in the tissues of the parent- 
plant, are forced to adopt other methods. Arrangements to convey 
the microspores, enclosing the male sexual cell, to the macrospores, 



Fkj. 652. — Diagrams of racemose inflorescences. A , Raceme. B, Spike. C, Umbel. 

D, Capitulum. E, Panicle. F, Compound umbel. 

enclosed in the macrosporangia and* containing the egg-cells, become 
necessary. In the first place the stigma (or micropyle), which is to 
receive the pollen, must be pollinated. 

A large number of Spermatophyta make use of the wind to convey 
the microspores, i.e. the pollen, to its destination. Examples are all 



DIV. H 


SPERMATOPHYTA 


563 


the Conifers, and also the majority of our native deciduous trees such 
as the Elm, Oak, Beech, Hornbeam, and further our Grasses and 
cereals. Simple as the relations in this case appear to be, various 
necessary preliminaries are required for success- 
fully effecting this method of pollination. 

It is especially necessary that such ANEMO- 
PHILOUS plants should produce a very large 
quantity of pollen, since naturally only a small 
fraction of what is shed 
will reach its destina- 
tion. Thus at the 
season when our coni- 
ferous woods are in 



Fia. 558.— Spike of Plantago 
lanceolata. (After Do- 

CHARTRE.) 




Fio. 554. —Catkin of Corylus 
americana. (After Duchartrk.) 


Fig. 555.— Raceme of IAnaria 
striata, d, Bracts. (After 
A. F. W. Schimper.) 


flower, large quantities of pollen fall to the ground, constituting what 
are known as “ sulphur showers.” 


Anemophilous plants exhibit some characters in common, which stand in definite 
relation to wind-pollination and cannot be regarded as merely accidental. The 
male inflorescence has usually the form of a longer or shorter catkin (Fig. 560) 
which bears a large number of microsporophylls ; these are so oriented that after 
the sporangia have opened, the pollen can be readily carried away by the wind. 
Examples are the catkins of the Oak ''Fig. 666), Birch (Fig. 660), Alder, Hazel, 
Hornbeam (Fig. 661), and Walnut ; the catkins of the last-named plant (Fig. 658) 
are especially long. The male flowers of the Coniferae (Fig. 625) are similar. The 
mode of attachment of the anthers of Gramineae on long slender filaments has the 
same significance (Fig. 561). The pollen-grains of anemophilous flowers also have 
characteristic features. They are light and smooth, and in some Conifers are even 
provided with two wing-like sacs (Fig. 534 /)), which enable them to remain sus- 
pended longer in the air. Some Urticaceae ( Pilca , Urtica ) scatter the pollen on the 
opening of the elastically-stretched wall of the pollen-sac as a light cloud of dust. 
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The female flowers are usually not brightly coloured and do not develop 
nectaries. The stigmas, which catch the pollen, are strongly developed and pro- 
vided with long feathery hairs (Fig. 561), or their form is brush-like, pinnate or 
elongated, and filamentous. In many Gymnosperms (e.g. Taxus) the micropyle 
of the macrosporangium excretes a drop of fluid in which the pollen-grains are 
caught ; on drying up of the drop, the pollen is drawn down on to the tip of the 
nucellus. In other cases the pollen -grains glide down between the carpellary 
scales of the cones till they reach 
the moist micropyles of the ovules 
and adhere to them. 

Lastly, the time of flowering is 
not without importance. The Elm 
flowers in February and March long 
before its leaves develop, and the 
same holds for the Hazel, Poplar, 
and Alder (Fig. 560). In the Walnut, 

Oak, Beech, and Birch, the flowers 
open when the first leaves are un- 
folding, and flowering is over before 
the foliage is fully expanded. Wore 
this not so, much of the pollen 
would be intercepted by the foliage 
leaves, and even more pollen would 


Fig. 556.— Umbel of the Cherry. Fio. 557.— Panicle of Yucca fllamentosa. 

(After Duchartre.) (After A. F. W. Schimper. Reduced.) 

need to be produced than has to be done to ensure fertilisation. In the Conifers the 
foliage presents less difficulty, but here the female cones are borne at the summit of 
the tree (Abies) or high up ( Picea ), while the male flowers are developed on lower 
branches. The pollen-grains are shed in warm dry weather, and carried up in the 
sunshine by ascending currents of air till they reach their destination on the 
female cones situated high above the male flowers. 

Only a small number of Phanerogams make use of the agency of water for 
effecting their pollination, and are, on that account, termed hydrophilous 
plants. This applies only to submerged water-plants which do not emerge from 
the medium, e.g. Zostera , Seawrack, Vallisneria spiralis and Elodea . 

The great majority of Phanerogams are dependent upon animals, 
especially on insects, for the transference of their pollen. Plants 
pollinated by the aid of insects are termed entomophilous. 
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Since Konrad Sprengel in his famous work, Das entdeckte 
Geheimnis der Natur im Bauund in der Befruchtung der Blumen , 1793, 
revealed the mutual relations between the forms and colours of flowers 
and the insects that frequent them, no other department of biology 
has been more actively studied than floral ecology. It is the more 
remarkable that no one had put the question whether the colours seen 
by our eyes were also perceived by the insects in the same way. It 
was difficult to think of the display of colour in meadow or orchard 
otherwise than as an apparatus of attraction for the visiting insects 



Fig. 558.— Cyinose infloiescence (dicliasium) of Cirastium Fig. 559 . — Hehotropiuvi Curassavicum 
collinum. Successive axes. (After Duchartrk.) Cmcinnus. (Alter Engler-Prantl.) 


seeking the food provided by the nectaries of the flowers, although 
flowers which are not entomophilous may develop bright colours, e.g. 
Coniferae, stigmas of Corylus , etc. 

We owe the opening up of this question to C. Hess ( 6 ). He held 
that bees, the most important visitors to Howers, are colour-blind. 
This view has, however, been contradicted by the investigations of 
Frisch, who has shown that we can at most assume colour blindness 
for red and green in bees. 

On more accurate investigation of the irritability of bees to various regions of 
the spectrum, Kuhn and Pom, (°) found that the wave-lengths and colours: 1, 
650-500 w orange, yellow, and yellowish-green; 2, 510-480 w blue-green; 3, 
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470-400 nfx bluish- violet ; 4, 400-313^ ultra-violet were distinguished qualita- 
tively by bees. 

By a series of careful experiments v. Frisch ( 7 ) has established extremely 
interesting and intimate connections between bees and their visits to flowers. He 
distinguishes in this respect “searchers ” and ** collectors." The searchers discover 
new productive sources of nectar by means of the colours which they perceive at a 
considerable distance, and when closer recognise by their scent the most suitable 
flowers. They communicate their discoveries to their companions in the hive by 
means of characteristic signs and return with one or more collectors to thoroughly 



Fio. 560.— Alnus glutinose. 1 , Leaf and flowering twig with erect female and pendulous male 
catkins. 8, Bract with male flowers. 5, Female catkin. 4, Two female flowers with bract. 
5, Fiuitmg catkin. 6, Fruit. (§ natural size ; 2*6 magnified.) 

exploit the place. Fr. Knoll has carried out a series of careful and critical 
observations on other important visitors to flowers ; according to him ( 8 ) the 
Humble Bees {Bombylin s fuliginosus) like the Bees are colour-blind to red and blue- 
green, and react like them to yellow and blue. 

The researches of Knoll on the Humming Bird Hawk Moth are of special 
interest. This is sensitive to contrasts, and in particular, dark is avoided. The 
significance of honey-guides as showing the way to the insect was studied by 
Knoll by means of the marks made .by the proboscis of moths on glass plates 
introduced into the flowers. In the attraction of moths it is the sense of sight 
and not of smell that is effective. Blue, violet, and purple form one group of per- 
ceptions, and yellowish-red another ; an alteration of tone as regards the two is 
possible. 
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An orientation by sight is also found to hold for the Convolvulus Hawk Moth 
which flies in the late evening ; it can discover darkly coloured (purple) flowers 
with certainty when it is so dark that a man at the normal visual distance can no 
longer distinguish them. The scent is in this case also not a means of orientation ; 
it is possible in other cases to obtain results from the scent of flowers. 

It is of interest to find that Knoll discovered that the strong faecal odour 
of the inflorescence of Arum attracted coprophilous insects, especially beetles and 
flies, from a distance. The inflorescence constitutes a trap. The epidermis of the 
spathe and spadix bears oily downwardly directed papillae, which are longest in 
region of the constricted neck ; these afford no grip to the insects which slide into 
the lower chamber. On the wi 
the second day covered with pollen 
from the protogynous flowers (cf. 
dichogamy, p. 570). 

While recent investigations 
have enriched and made more 
exact our knowledge on these 
points, the main facts demon- 
strated by Spuengkl and those 
who followed him a hundred years 
later must not be forgotten. It 
is a matter of experience tliat 
plants which can be grown success- 
fully away from their native 
countries may set no seed in the 
absence of the insect visitors to 
which they are adapted. An 
example is afforded by the Vanilla 
Orchid, which, away from its 
native country, Mexico, requires 
to be artificially pollinated. Such 
facts are so numerous that no 
doubt can be entertained as to the 
adaptedness of flowers to particular 
insects and conversely. 

Usually the position of the 
nectaries is such that the hairy 
body of the visiting insect must 
carry away pollen from the flower ; often the pollen will be deposited on special 
regions of the insect’s body, and, when another flower is visited, will be 
deposited on the stigma. It is of importance that the pollen of such entomo- 
philous plants differs from that of the anemophilous flowers described above. 
Pollen-grains provided with spiny projections, or with a rough or sticky surface, are 
characteristic of entomophilous plants ; the grains may remain united in tetrads 
or in larger masses representing the contents of a whole pollen-sac ( Orchis , Fig. 
861, Asclepias , Fig. 775). The pollen itself forms a valuable nitrogenous food 
for some insects such as bees; these form “bee-bread” from it. 

An example of a very close relation between floral construction and the body of 
the visiting insect, which was originally described by Konrad Sprengel, is 
afforded by the pollination of Salma pratensis by Humble Bees. Fig. 562, 1, 
shows a flower of Salvia with a Humble Bee on the lower lip in search of nectar. 
The flower has only two stamens, the two halves of each anther being quite 


thering of the papillae the insects are set free on 
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differently developed, and separated by an elongated connective ; the one half- 
anther is sterile and forms a projection in the throat of the corolla-tube, the other 
at the end of the long arm of the connective is fertile and lies beneath the hood 
formed by the upper lip of the corolla. The connective thus forms a lever, with 



Fig. 562.— Pollination of Salvia pratensis. Explanation in the text. (After F. Noll.) 


unequal arms, movable on the summit of the short filament. When the bee in- 
troduces its proboscis, it presses on the short arm of the lever ; the fertile half- 
anther is thus by the movement of the connective (c) on its place of attachment to 
the filament (f) brought down against the hairy dorsal surface of the insect’s 

body (Fig. 562, 1, 3). On visiting 
an older flower the insect will 
meet the stigma projecting further 
from the upper lip on the elongated 
style (Fig. 562, 2) (cf. p. 570, 
dichogamy). The stigma is then 
in the position corresponding to 
the depressed half-anthers, and 
will receive with certainty the 
pollen deposited from them on the 
back of the bee. 

In addition to the stimulus of 
hunger, plants utilise the repro- 
ductive instinct of insects for 
securing their pollination. In 
the well-known hollow, pear- 
shaped inflorescences of the Fig 
( Ficus carica , Fig. 563) there 
Fio. 563. Ficus carica. A , Longitudinal section of occur in addition to long-styled 
an inflorescence. B, Fertile-flower. C, Gall-flower. r . a ,, , , , 

D , Male flower. (B-i), enlarged ; D , after Kerneb ; female flowers that produce seeds, 
B , C , after Solms-Laubach.) similar gall-flowers with short 

styles. In each of the latter a 
single egg is laid by the Gall-wasp ( Blastophaga ), which, while doing this, 
pollinates the fertile flowers with pollen carried from the male-inflorescence 
(the Caprificus). The large white flowers of Yucca are exclusively poll- 
inated by the Yucca moth ( Pronuba ). The moth escapes from the pupa in the 
soil at the time of flowering of Yucca and introduces its eggs into the ovary by 
way of the style ; in doing this it carries pollen to the stigma. The larvae of 
the moth consume a proportion of the ovules in the ovary, but without the agency 
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of the moth no seeds will be developed, as is shown by the sterility of the plant 
in cultivation. 



On the continent of America and in the tropics of the Old World, ornitho- 
phily ( 9 ) plays an important part in addition to entomophily ; in Europe the 
conditions for the origin of bird -pollinated flowers appear to be wanting. For 
according to 0. Porsch it is to the recurring thirst of flower- frequenting 
birds in hot countries that the 
appearance of flowers with consider- 
able quantities of nectar of a thin 
consistency is to be ascribed. A 
specially remarkable case of adapt- 
ation of this kind is afforded by 
Strelitzia reginae , which is often 
cultivated in green-houses (Fig. 

564). Its three outer perianth 
segments (() are of a bright orange 
colour ; the large azure-blue label- 
lum ( p ) corresponds to one of the 
inner perianth leaves, while the 
other two (p ) remain inconspicuous 
and roof over the passage leading 
to the nectary. The stamens ($£) 
and the style (g) lie in a groove, 
the margins of which readily 
separate, formed by the labellum, 
while the stigma (g) projects freely. 

The similarly-coloured and showy 
bird (Nectarinia afra) flies first to 
the stigma and touches it, then 
secures pollen from the stamens, 
which it will deposit on the stigma 
of the flower next visited. It is 
comprehensible from the researches 
of Hess (p. 565), that many orni- 
thophilous flowers are bright red, 
also sometimes white, dark purple, 
blue, green, etc., since the sensitive- 
ness to colours in birds is similar 
to our own. 

Further research is required on 
the question of the pollination of 
flowers by bats and snails. 


Fio. 564.— Ornithopliilous flower of St, litzia reginae 
and a cross-section of its large labellum (p) ; t , 
outer, and p, inner perianth leaves ; g, style and 
stigma ; st, stamens. (From Schimper, Plant Geo- 
graphy.) 


It would seem remarkable 
that such manifold and various adaptations for the conveyance 
of pollen should exist while the majority of angiospermic plants 
have hermaphrodite flowers ; it is known, however, that the 
pollination of a flower with its own pollen (autogamy) may 
result in a poorer yield of seed (Rye) or be without result (self- 
sterility in Cardamine pratensis , Lobelia fulgens , Corydalis cava , etc.). 
Cross-pollination (allogamy) must take place when the pollen can 
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only germinate if the stigma is rubbed, as in the case of laburnum 
vulgare. The insect visit, which as a rule will bring foreign pollen, 




2 . 


Fio. 565.— Protandrous flower of Anthriscus sylvestris . Slightly magnified. 1 , In the male, 
2, in the female condition. (After H. MOller.) 
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prepares the conditions for germination and excludes the action of the 
flower’s own pollen. In the Orchids the flower’s own pollen has a 
directly injurious influence, and when applied 
to the stigma causes the flower to wither. 

Even when there is no self-sterility there 
are many and various conditions which 
render the self-fertilisation of hermaphrodite 
flowers impossible and favour cross-pollination. 
It is obvious that dioecism completely prevents 
self-fertilisation, and that monoecism at least 
hinders the pollination of the flowers with 
pollen from the same plant. A similar result 
is brought about when the two kinds of 
sexual organs of a hermaphrodite flower 
mature at different times. This very frequent 
condition is known as dichogamy. There are 
obviously two possible cases of dichogamy. 
The stamens may mature first and the pollen 
be shed before the stigmas of the same flower 
are receptive; such plants are known as 
PROTANDROUS. On the other hand, the style 
with its stigma may ripen first, before the 
pollen is ready to be shed; the plant is 
PROTOGYNOUS. 


Fio. 566. — Inflorescence of Plan - 
tago media with protogynous 
flowers. The upper, still closed 
flowers (9) have protruding 
styles; the lower (<$) have 
lost their styles, and disclose 
their elongated stamens. (After 
F. Noli,.) 


Protandiiy is the more frequent form of 
dichogamy. It occurs in the flowers of the 
Geraniaceae, Campanulaceae, Compositae, Lobeliaceae, Umbelliferae (Fig. 565), 
Geraniaceae, Malvaceae (Fig. 725), etc. The anthers, in this case, open and 
discharge their pollen at a time when the stigmas of the same flowers aro still 
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imperfectly devoloped and not ready for pollination. In Salvia also (Fig. 662), 
protandry is the necessary preliminary to the cross-pollination. In the less frequent 
protogyny the female sexual organs are ready for fertilisation before the pollen of 
the same flowers is ripe, and the stigma is usually pollinated and withered before 
the pollen is shed ( Scrophularia nodosa , Aristolochia clematitis, Arum macula turn t 
HclleboruSy Magnolia , Plantago y Fig. 566). 

The effect of heterostyly discovered by Darwin is similar. 
According to Tischler ( 0a ) this condition can be altered by the condi- 
tions of nutrition. A good example is afforded by Primula sinensis (Fig. 
567). Comparison of the flowers on different individuals shows that 
they differ as regards the position of the stamens and stigma. There 
are long-styled flowers, the stigma standing at the entrance to the 




Fio. 567 .—Primula sinensis : two heterostyled flowers from different plants. L, Long-styled, 
K, short-styled flowers ; G, style ; S, anthers ; P, pollen-grains, and N, stigmatic papillae of 
the long-styled form ; p and n, pollen-grains and stigmatic papillae of the short-styled form. 
(P, N, p, to, x 110. After Noll.) 

corolla-tube, while the anthers are placed deep down in the tube ; and 
short-styled flowers, the stigma of which stands at the height of the 
anthers, and the stamens at the height of the stigma of the long-styled 
flower. An insect will naturally only touch organs of corresponding 
height with the same part of its body and thus carry pollen between 
the male and female organs of corresponding height. Thus cross- 
pollination is ensured. The relative sizes of the pollen grains (n) and 
stigmatic papillae (p) agree with this ci^oss-pollination. 

The same dimorphic heterostyly is exhibited by Pulmonaria , Hottonia } 
Fagopyrum , Linum , and Menyanthes. There are also flowers with trimorphic 
heterostyly ( Ly thrum salicaria , and some species of Oxalis ), in which there are 
two circles of stamens and three variations in the height of the stigmas and 
anthers. 

In a great number of flowers self-pollination is made mechanically impossible, 
as their own pollen is prevented by the respective positions of the sexual organs 
from coming in contact with the stigma (hercogamy). In the Iris, for example, 
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the anthers are sheltered under the branched petaloid style. The pollinia of 
Orchis are retained in position above the stigma ; in Asclepias the five pollinia 
are attached in pairs to swellings of the style by adhesive discs (cf. Fig. 775). 

Sometimes hercogamy and dichogamy occur together. The flowers of 
Aristolochia dematitis (Fig. 568) are protogynous. The conveyance of pollen 
from the older to the younger flowers is effected by small insects. The flowers at 
first stand upright with a widely-opened mouth (Fig. 568 I), and in this condition 
the insects can easily push past the downwardly-directed hairs which clothe the 
tubular portion of the corolla and reach the dilated portion below. Their exit 
is, however, prevented by the hairs until the stigma has withered and the anthers 



Fio. 508. — Flowers of Aristolochia clematitis cut 
through longitudinally. 7, Young flower in which 
the stigma ( N) is receptive and the stamens ( S ) 


have shed their pollen. When this 
has taken place (Fig. 668 II), the 
hairs dry up, and the insects covered 
with pollen can make their way out 
and convey the pollen to the receptive 
stigmas of younger flowers. 

All these varied and often highly 
specialised arrangements to ensure 
crossing indicate a tendency to favour 
the union of sexual cells which differ 
in their hereditary characters more 
widely from one another than w'ould 
be the case if derived from the same 
flower. The progeny from allogamous 
fertilisation tend to be stronger than 
from autogamous fertilisation. 

In certain plants, in addition to 
the large chasmogamous flowers, 
pollinated by wind or insects, small 
inconspicuous flowers occur which 
never open and only sefve for self- 
fertilisation ; these cleistogamous 
flowers ( 10 ) afford a further means of 
propagating the plant, while the plants 


hairs on the corolla dried up. 
F. Noll.) 


( x 2. After 


have not yet opened. II, Older flower with the } iave the opportunity of occasional 
stamens opened, the atigma withered, and the cross . pollination owing to the presence 

of the large chasmogamous flowers. 
Cleistogamy is of frequent or regular 
occurrence in species of Impatient , Viola , Lamium , and Stellaria, in Specularia 
perfoliata , Juncus bufonius, etc. Polycarpon tetraphyllum has only cleistogamous 
flowers. 


Development of the Sexual Generation in the Phanerogams 

A. In the Gymnosperms a prothallium consisting of a few cells 
is formed on the germination of the microspore. This lies within the 
large cell, which will later give rise to the pollen-tube, closely 
applied to the cell- wall ; the nucleus of this cell is marked k in Fig. 
569 . The first-formed cell (p) corresponds to the vegetative cells of 
the prothallium. The sperm atogenous cell (sp), which is cut off 
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last, divides later into the generative cell or antheridium (Fig. 570 
By m)y and a sterile sister -cell ( s ) adjoining the other prothallial 
cells. It is by the breaking down or the separation 
of the sterile sister-cell, which is termed a dislocator 
cell by Goebel, that the antheridial cell becomes free 
to pass into the pollen-tube. There, or before its 
separation, it divides into two daughter-cells ; these 
are the sperm cells or male sexual cells. 



(a) Cyeadeae ( u ) 

In the Cyeadeae and in Ginkgo these male-cells still 


Fig. 569.— Pollen-grain 
of Ginkgo biloba still 
within the micro- 
sporangium. (See 
text.) ( x 300. After 
Strasburoer.) 


have the form of spermatozoids, and thus connect directly with the 
heterosporous Archegoniatae. Their mode of development is shown 



Fio. 570 .— Formation of spermatozoids in Zamia floridana. A, Mature pollen - grain (x 800); 
B, C, D, Stages in the development of the antheridium (B, C x 400 ; D x 200) ; k> nucleus of 
the pollen-tube ; sp, spermatogenous cell ; p , persisting vegetative ,prothalial cell growing 
into the sterile sister-cell (s) of the antheridium (wi); e, exine; bl, blepharoplasts which in D 
are composed of small granules, in the course of forming the cilia. Starch-grains are present in 
the pollen-tube, and in G they are appearing in the vegetative cell and the sister-cell, both of 
which in D are packed with starch. In D the two spermatozoids (sp) derived from the 
antheridium are seen divided from one ano^ier by a wall. (After H. J. Webber.) 

for Zamia in Fig. 570. The description of the figure deals with the 
details. As is further shown in Fig. 571 (a) the two spermatozoids 
remain for a time back to back attached to the sister- cell of the 
antheridium ; after their separation (b) they round off, the anterior end 
being provided with a spirally-arranged crown of cilia by means of 
which they are capable of independent movement (Fig. 572). 
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The female cones of Zamia 
hexagonal, shield-shaped, terminal 


bear numerous sporophylls, the 
expansions of which fit closely 
together. Each sporophyll bears 
a pair of macrosporangia. The 
macrosporangium consists of the 
nucellus and an integument. 
The micropyle forms an open 
canal above the tip of the 
nucellus. At the period during 
which the male-cones are shed- 
ding their pollen, the macro- 
sporophylls become slightly sepa- 
rated from one another so that 

fi oridana, showing the vegetative prothallial wind-borne pollen-grains Can 
ceil (p), the sterile sister-ceii («), and the two readily enter. A more or less ex- 
tensive cavity (pollen-chamber, 
Fig. 573) has by this time been 
formed at the apex of the 
nucellus, while the disintegrated 
cells, together perhaps with fluid 
excreted from the surrounding cells of the nucellus, have given rise 
to a sticky mass which fills the micropylar canal and forms a drop at 
its entrance. The pollen-grains reach this drop, and, with the gradual 



spermatozoids. a, Before movement of the 
spermatozoids has commenced ; b, after the 
beginning of ciliary motion ; the prothallial cells 
are broken down and the separation of the two 
spermatozoids is taking place, (x circa 75. After 
H. J. Webber.) 



Fig. 572.— Zamia floridana. Mature, free- 
swimming apermafcozoid. (x 150. After 
H. J. Webber.) 



Fig. 573.— Longitudinal section of 
a young macrosporangium of 
Ginkgo biloba. m, Micropyle ; i, 
integument ; p, pollen-chamber ; 
e, embryo-sac ; w, outgrowth of 
sporophyll. ( x 85. After 
Coulter and Chamberlain.) 


drying up of the fluid, are drawn through the micropylar canal into 
the pollen-chamber. 

During the development of the pollen-tube and the formation 
of the motile spermatozoids (Figs. 570, 571), the embryo-sac, filled 
with the prothallial tissue, is increasing in size within the nucellus. 
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As in the Coniferae (Fig. 580), the embryo-sac arises by the tetrad 



Fig. 574. — Dioon edule. Upper portion of the nucellus at the period of fertilisation. The pollen- 
tubes have grown down from the pollen-chamber through the nucellus after becoming 
attached by lateral outgrowths. They have reached the arehegonial chamber and two of 
them have already liberated their contents. Two large archegonia with projecting neck-cells 
aro present. (After Chamberlain.) 


division of an embryo -sac mother- cell which usually crushes the 
other sporogenous cells, as in the case of the macrosporangium of 
Selaginella . Of its four daughter -cells only one persists as the 
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embryo-sac. The tissue of the upper portion of the nucellus dis- 
appears and the embryo-sac thus approaches the base of the pollen- 
chamber. At the apex of the embryo -sac are found the large 
archegonia, usually four in number, and separated from one another 
by some layers of cells. Each archegonium has a neck, and ultimately 
cuts off a ventral canal-cell. The archegonia are situated at the base of 
a depression in the prothallium, the archegonial chamber (Fig. 574), 
which in Dioon is about 1 mm. in depth and 2 mm. across. The pollen- 
tubes grow into this depression and, perhaps with the co-operation of 



Fio. 575.— Zamiaflori dana. An ovum im- 
mediately after the fusion of the nucleus 
of a spermatozoid with the female 
nucleus has taken place. The ciliary 
band of the spermatozoid remains in 
the upper portion of the protoplasm 
of the ovum. A second spermatozoid 
has attempted to enter the ovum. 
(X 18. After H. J. Webber.) 



Fig. 576.— Two young pro-embryos 
of Dioon edtUe showing their 
relation to the archegonial 
chamber. S, suspensor; e, em- 
bryo. (After Chamberlain.) 


the prothallial and dislocator cells, liberate their spermatozoids together 
with a drop of watery fluid in which they swim. The spermatozoids 
require to narrow considerably in order to pass through the space be- 
tween the neck-cells. The spermatozoid strips off the ciliated band on 
entering the protoplasm of the egg, and its nucleus fuses with that of 
the latter. The nucleus of the fertilised ovum (Fig. 57 5) soon divides, 
and the daughter-nuclei continue to divide rapidly, until after the 
eighth division there are about 256 free nuclei within the cell. These 
are crowded towards the lower end of the fertilised egg, where cell- 
walls commence to form between them. 

The so-called pro -embryo is thus formed (Fig. 576), at the 
growing end of which the embryo develops from relatively few cells. 
The cells farther back elongate greatly and as a suspensor carry the 
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embryo into the prothallus. This in Spermatophytes is termed the 
endosperm and serves as a nutritive tissue for the growing embryo. 
The latter ultimately develops, at the end 
directed into the prothallus, two large 
cotyledons between which is the rudi- 
ment of the apical bud or plumule. The 
region of the stem below the cotyledons is 
termed the hypocotyl ; it passes gradually 
into the main root or RADICLE, which is 
always directed towards the micropyle. 

(b) Coniferae ( 12 ) 



The development of the microspores of 
the Coniferae when they germinate differs Fig. 577 .— Poiien-gram of Araucaria 
from the process described above. The “ ,i ““" 

prothallial cells, the number of which in 
the ancient genus Araucaria (Fig. 577) 
is larger than in the other Coniferae 
and the Cycadeae, soon collapse (Fig. 

578 A, B\ and the male cells never have the form of spermatozoids. 

The division of the spermatogenous cell produces in Araucaria the 


brasiliensis with a multicellular 
prothallus (pc, p< \) and the anther- 
idmm (generative cell, sp) m pro- 
cess of division ; k, nucleus of the 
pollen -tube. (After L. Burlin- 
game, x 616 ) 


A B C 



Fiu. 578. — De\elopment of the pollen-tube. A, 11, Pinus la rich (x 800. After Coulter and 
Chamberlain). C, Picca exeelsa ( x 250. After Miyake), p, Remains of the prothallial cells ; 
up, spermatogenous cell ; m, antlieridiuni (generative cell) ; s, its sterile sister-cell ; </, sperm- 
nuclei of unequal size in a common protoplasmic body ; A, pollen-tube-nucleus. 


sterile cell (Goebel's dislocator cell) and the antheridial cell which is 
set free by the breaking down of the former. It gives rise to two 
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sperm-nuclei which are at first of equal size and enclosed in a common 
protoplasmic mass ; it appears, however, that one of them gradually 
diminishes in size and disappears. This has become the rule in the 
Taxaceae. As Fig. 579 shows, Torreya laxifolia , one of this group from 
North America, contains in its pollen-tube besides the tube nucleus (k) 



Fio. 579 .— Torreya taxifolia . Longitudinal section of n female-prothallus with a large egg-cell and 
its nucleus (on.); and the small ventral-canal-cell (cl). The end of a pollen-tube has entered 
above and contains the nucleus of the pollen-tube ( k ), that of the sterile sister-cell (.<») and 
two sperm-cells (.sp 1 , sify of which only the larger (#pl) is functional. (After Coulter and 
Land.) 

and the sterile sister-cell (s), a large functional sperm-nucleus (sp 1 ), 
along with an infertile sperm-nucleus (sp 2 ) less than half its size ; each 
of these has its own protoplasmic investment. The difference in size 
is still more striking in Taxus. While all the Cupressineae have two 
equal sperm-cells, the Abietineae, like the Araucarieae and Taxaceae, 
have two unequal sperm-nuclei in a common protoplasmic mass (Fig. 
578). Only the larger, which is nearer the tip of the pollen-tube, is 
fertile. 
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As a rule the macrosporophylls bear two macrosporangia. The 
single mother-cell undergoes a tetrad division (Fig. 580), and of the 
four resulting cells only one develops into an embryo-sac (macrospore). 
This, as it increases in size, first crushes its sister-cells and later the 
whole sporogenous complex of cells. Meanwhile, by the repeated 
division of the nucleus and protoplasm, the macrospore becomes filled 
with the tissue of the prothallium (Fig. 581). The archegonia are 
formed at the apex of the prothallium ; each consists of a large ovum 
and a short neck. As in the Pteridophytes, a small ventral-canal-cell 
is cut off from the egg-cell shortly before fertilisation (Fig. 582). 

The process of fertilisation may be illustrated by Torreya taxifolia. 
The tip of the pollen-tube after 
breaking down the overlying wall 
enters the egg-cell and the fertile 
sperm-nucleus becomes applied to 
the nucleus of the egg, while the 
protoplasm of the sperm-cell still 
surrounds the two nuclei. The rest 
of the contents of the pollen-tube, 
as represented in Fig. 579, become 
compressed in the upper portion of 
the egg-cell. A later stage of the 
fusion of the two sexual nuclei is 
shown for Picea excelsa in Fig. 584 A. 



Fi«. 580. — Taxushaccata. Longitudinal section 
thiough the sporogenous tissue, showing an 
embryo-sac mother-cell which has under- 
gone the tetrad division ; three of the facul- 
tative macrospores are degenerating, while 
the fourth is undergoing further develop- 
ment. (x *250. After Strasburoer.) 


Ill some qases (perhaps indeed in all 
Cycadeae and Coniferae) the union of the 
nuclei is far more complicated than has 
been hitherto assumed to be the case. 

Thus in Abies balsamea , as described by 
Hutchinson, each of the two nuclei after 

they have joined undergoes a division, in which the haploid number of chromosomes 
can be recognised. The chromosomes become associated in pairs, this corresponding 
to the true fusion, and present an appearance similar to that seen in the diakinesis 
stage of the heterotypic division. By a transverse division of each pair and a 
separation of the two longitudinal halves, the requisite diploid number is estab- 
lished. According to Chamberlain the Cycad Stangeria follows the same scheme. 

The development of the embryo from the fertilised ovum presents differences in 
the several genera, and the following description applies to the species of Pinus 
(Fig. 684). 

By two successive divisions of the nucleus four nuclei are formed which pass to 
the base of the egg-cell, where they arrange themselves in one plane and undergo 
a further division ( G ). Cell-walls are formed between the eight nuclei to give rise 
to an eight-celled pro-embryo. The cells form two tiers, those of the upper tier 
being in open communication with the cavity of the ovum. The four upper cells 
then undergo another'di vision (F) } and this is followed by a similar division of the 
four lower cells ( O ). The pro-embryo thus consists of four fid's, each containing 
four colls, the cells of the upper tier being continuous with the remaining portion 
of the ovum. In the further development of the three lower tiers, the cells of the 
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upper tier, termed the rosette (Fig. 585 r), become separated from the egg-cell by a 
thickened basal wall (Fig. 585 p). The middle tier elongates to form the suspeksou 
(Fig. 584 /, s), pushing the terminal tier, from which the embryo will arise, into 
the tissue of the prothallium or endosperm ; the cells of the latter are filled with 
nutritive reserve-material. 

According to recent investigations by Bitchholz the suspensor-cells bearing the 
potential embryos always separate from one another in Pinus (Fig. 585), so that 
every fertilised archegonium gives rise to four embryos. Since several archegonia 
are, as a rule, fertilised, the result is a well-marked polyembryony. The suspensor- 
cells do not undergo any transverse divisions ; the uppermost cells of the embryos 



Fio. 581. — Median longitudinal section of an ovule of Picea excel sa at. tin* period of fertilisat ion. 
c, Embryo-sac filled with the prothallium ; a , archegonium showing vent ml (</)and neck portion 
(e) ; o, egg-cell ; n, nucleus of egg-cell; nc, nucellus; p, pollen-grains; t, pollen-tube; i, 
integument; s, seed-wing, (x 0. After Strasburger.) 

develop as embryonic tubes and contribute to the elongation initiated by the 
suspensor. The embryo which has thus penetrated furthest into the nutrient 
prothallial tissue is the successful one in this competition and remains as the 
single embryo of the seed. 

The splitting of the embryos takes place at about tlie same period of develop- 
ment in Pinus and Cedrus , while it occurs somewhat later in Tsvga. In Aides , 
Picea,y Larixy and Pseudotsuga no splitting takes place, and a single embryo is pro- 
duced from each fertilised archegonium. This then has the segmentation already 
described for the Cycadeae, but the number of cotyledons in the Coniferae, 
and especially in the Abietineae, is frequently greater than two. 




its 


(c) Gnetineae ( 13 > 10tt ) 

The last Order of Gymnosperms, the Gnetineae, exhibit a peculiar and 
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Fio. 582. Longitudinal section of the apical portion of an embryo-sac of Piceii excdsa showing two 
archegonia ; bkz, ventral-canal-cell ; on, nucleus of egg-cell ; v, vacuoles containing albuminous 
material, (x 80. After Stkasburger.) 


isolated course of development. The microspores in their development and 
germination show no essential differences from 
those of other Gymnosperms; the separation 
of the sperm - cells is, however, less clear T \ 

and sometimes wanting (as has been shown \ IT Jf j 

above for the Cupressineae), in that two similar A I 

nuclei lie in a common protoplasmic investment. I 

The macrospores show more marked peculiarities. / j IftY JA 

The macrospores of Ephedra and Welwitschia ’ j ip^?4 ' : / 

have well-developed prothallia. Ephedra forms f * / * 

archegonia which on the whole resemble those V ^ W j / 

of the Coni ferae. Welwitschia has elongated a V ■ - 

cells with 2-5 nuclei which grow Pom the \ 

summit of the protliallus into the tissue of \ | / 

the nucellus towards the entering pollen-tubes. \ V 
Their significance as archegonia is rendered 
more probable by the venter-like basal enlarge- 

ment. In Gnetum (Fig. 586) no prothallium is Ful ; f 83 ' in 

formed, but the embryo-sac becomes filled with Description in text, 
protoplasm in which are numerous nuclei. Each 

of the two sperm-nuclei from the pollen-tube fuses with a female nucleus, and 
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endosperm-formation then begins. The entrance of both the male nuclei here 
must be considered in relation with the “double fertilisation” in Angiosperms. 







Fig. 584. — A B, Pieea excdsa(x 73, after K. Miyake). C-I, Pinus laricio(C-G x circa 200, after 
N. I. Kildahl; //, I x 104, after Coulter and Chamberlain). Description in the text: on, 
nucleus of ovum ; sp 1 sp 2 , sperm-nuclei; s, suspensor. 

Of all the young embryos resulting from the penetration of a number of pollen- 
tubes to the embryo-sac only one continues its development. 

B. Angiosperms ( 14 ) 

(a) The microspores of Angiosperms before they are shed from the 
pollen-sac form a generative cell (antheridium) (Fig. 587 A , m) which 
is clearly delimited from the large pollen-tube cell, but is not enclosed 
by a cell-wall. It becomes separated from the wall of the pollen- 
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grain, and at the time the pollen is shed appears as a spindle-shaped 
structure in the centre of the microspore beside the vegetative nucleus 
( k ). When the pollen-grain germinates on the stigma it passes into 

the pollen-tube, and its nucleus sooner or 



later divides into two sperm-nuclei (g) 
which lie free in the protoplasm within 
the pollen-tube without being enclosed in 
a common mass of protoplasm. They 
are of an elongated oval or ellipsoidal 
shape and pass one after another down 
the pollen-tube. The nucleus of the 
pollen-tube ( k ) is usually visible in the 
neighbourhood of the sperm-nuclei. The 
absence of the small prothallial cells, and 
of a sterile sister-cell of the antheridium, 
as well as the absence of a cell-wall from 
the antheridium, and lastly the presence 
of naked sperm-nuclei instead of sperm- 
cells in the pollen-tube, are points in which 
the Angiosperms differ from Gymno- 
sperms. The appearance of two sperm- 
cells, which was first observed by Herkig 



Fio. 585.— Farther developed embryo of 
Pimm Banksiana. x , Suspensor ; e , 
primary embryonic* tubes ; r, rosette ; 
p, basal wall, (x SO, after J. T. 

HueiiHOLZ.) 


Fio. 580. — Apex of the embryo- sac of Gnetum 
Rumphianum shortly before the develop- 
ment of the female -cells. icA*, Female- 
nuclei ; mh, male-nuclei ; PK, pollen-tube- 
nucleus ; p$, pollen-tube. 


in artificial germinations of pollen-grains of Monocotyledons, has 
since been shown by Wyllie to occur on normal germination 
of the pollen of Vallisneria spiralis , and by Finn to occur in 
Asclepias cornuti and two species of Vincetoxicum . It is thus more 

2 P 2 
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grain, and at the time the pollen is shed appears as a spindle-shaped 
structure in the centre of the microspore beside the vegetative nucleus 
(k). When the pollen-grain germinates on the stigma it passes into 

the pollen-tube, and its nucleus sooner or 



later divides into two sperm-nuclei (g) 
which lie free in the protoplasm within 
the pollen-tube without being enclosed in 
a common mass of protoplasm. They 
are of an elongated oval or ellipsoidal 
shape and pass one after another down 
the pollen-tube. The nucleus of the 
pollen-tube (k) is usually visible in the 
neighbourhood of the sperm-nuclei. The 
absence of the small prothallial cells, and 
of a sterile sister-cell of the antheridium, 
as well as the absence of a cell-wall from 
the antheridium, and lastly the presence 
of naked sperm-nuclei instead of sperm- 
cells in the pollen-tube, are points in which 
the Angiosperms differ from Gymno- 
sperms. The appearance of two sperm- 
cells, which was first observed by Herrig 



Fio. 585.— Further developed embryo of 
Pinu s Banksinnn. s, Mispensor ; e, 
prmiiiij embiyonu* tubes , j,u>sette; 
p, basal wall ( s 0, uftei .1. T. 

nuclJlloL/.) 


Fn. 5$f> - Ape\ of the embryo sne of ihn'htm 
Itinnjih mint m slim (1\ betme tlu de\elop- 
ment oi the female - e< IK. ui.. Female- 
nuclei , ml., male-nuclei , l‘K, pollen-tube- 
nucleus , pollen tube 


in artificial germinations of pollen-grains of Monocotyledons, has 
since been shown by Wyllie to occur on normal get mutation 
of t hr pollen of raUimci hi s/urahs, and hy FlNN to occur in 
Asdepia s cumuli and two species of Vincelvnann. It is thus more 

2 F 2 
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wide-spread both among Monocotyledons and Dicotyledons than had 
been thought. The fact that according to Ruiiland and Wetzel 
chloroplasts are present in the sperm -cells has important bearings on 
some genetic problems. 

(b) Macros pores ( 15 ). — The characteristic differences which the 
Angiosperms show from the general course of development of the 



Fio. 687. — Pollen-grain of Lilium Martagon and its germination. A’, Vegetative nucleus of the 
pollen-grain ; m, antheridium ; g, sperm-nuclei, (x 400. After Strasburokr.) 

MACROSPORANGIUM in the Gymnosperms commence with the cell- 
divisions in the single, functional, macrospore-mother-cell resulting 
from the tetrad division (Fig. 588, 1-5). The “primary nucleus of 
the embryo-sac” divides and the daughter -nuclei separate from one 
another. They divide twice in succession, so that eight nuclei are 
present. After this, cell -formation commences around these nuclei 
(Fig. 588, 6-8). Both at the upper or micropylar end of the embryo- 
sac and at the lower end three naked cells are thus formed. The two 
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remaining “ POLAR nuclei ” move towards one another in the middle 
of the embryo-sac, and fuse to form the “secondary nucleus of 
the embryo-sac.” The three cells at the lower end are called the 
antipodal cells j they correspond to the vegetative prothallial cells, 
which in the Gymnosperms, including Gnetum i fill the cavity of the 
macrospore. 

The three cells at the micropylar end constitute the “EGG 



Fig. 588.— Development of the embryo-sac in Polygonum divaricatum. ?n, Mother-cell of the 
embryo-sac; emb, embryo-sac; si, steiilo sister-cells; r, egg-cell; s, syneigiilae ; p, polar 
nuclei; a, antipodal cells; k, secondary nucleus of the embryo-sac, cha , chalaza; mi, micro- 
pyle; ai, u, outer and inner integuments; fun, funiculus. (1-7, x 320; 8, x 135. After 
Strasburoer.) 

apparatus” (Fig. 590). Two of them are similar and are termed 
the synergidae, while the third, which projects farther into the 
cavity, is the egg -cell or ovum itself. The synergidae assist in the 
passage of the contents of the pollen-tube into the embryo -sac. 
Here also the process of reduction has gone as far as possible; in 
place of the more or less numerous archegonia of the gymnospermous 
macrospore only a single egg-cell is present. The synergidae may 
either be regarded as archegonia which have become sterile or, with 
Tkeub and Porsch, as neck-cells of an archegonium transformed 
to the egg-apparatus (Fig. 590). 
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The type of embryo-sac development described above may be regarded as 
normal for the Angiosperms ( 15a ) and be termed with Goebel the eight-nucleus 
type. Many plants, however, exhibit other developments of their macrospores. 
These have been summarised and discussed by Rutgers. 

Goebel regards the various other types of development and the resulting types 
of embryo-sac as variants of the eight-nucleus type. In Lilium the division 



Fiq. 589. — Ovary of Polygonum Convol- 
vulus with an atropous ovule. (Dia- 
grammatic.) fs, Stalk -like base of 
ovary ;/u, funiculus ; cha, chalaza ; nu, 
nucellus ; mi, micropyle ; it, inner, ie, 
outer integument ; e , embryo-sac ; ek, 
nucleus of embryo-sac ; ei, egg-appar- 
atus ; an, antipodal cells ; g, style ; n, 
stigma ; p, pollen-grains ; ps, pollen - 
tube, (x 48. After Schenck.) 


of the macrospore-mother-cell is omitted, 
so that it becomes converted directly 
into the embryo-sac, in which the re- 
duction-division takes place ; this is 
termed by Goebel a coeno-macrospore, 
corresponding to the four possible 
macrospores. Eight nuclei may be 
formed in this embryo-sac (Lilium), or 
the process may go further and there 
may be sixteen nuclei as in Peperomia , 
the Penaeaceae, Euphorbia procera , etc. 
Variants leading to a diminution in the 
number of nuclei are more common. 
Thus Pedilanthus has five nuclei ; four 
nuclei are present in the embryo-sacs 
of Oenothera and Codiacum after a 
normal tetrad division of the mother- 
cell, in Cypripedium after a single 
division, and in Helosis without 



Fio. 590 .—Funkia ovata. Apex of nucellus, 
showing part of embryo-sac and egg- 
apparatus before fertilisation ; o, egg-cell ; 
s, synorgidae. (x 390. After Stras- 

BUROF.R.) 


precedent division of the mother-cell. These four nuclei may give rise to the 
ovum, one synergida and polar nuclei ; or, as in the embryo-sac of Plumbagella , 
which arises without division of the mother-cell, to the egg-cell, polar nuclei, and 
one antipodal cell. As a rule the micropylar end of the embryo-sac, as the more 
important, shows less reduction than the chalazal end. No explanation can be 
suggested for the reduced development in these cases. In the Podostemaceae, 
which, so far as an embryo-sac can be recognised in them, have the four-nucleus 
type, this may perhaps be explained by their peculiar conditions of life ; these 
plants grow in rapidly flowing streams of tropical mountains, and only a short, 
dry period is available for pollination and the development of the fruit. It 
appears impossible to draw any conclusions as to the systematic position ot 
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plants from the type of construction of their embryo-sacs (see further 
SCHNARF 18a ). 


The microspores, which cannot reach the macrospore directly, 
germinate on the stigma (Fig. 589). The pollen-tube penetrates for 
the length of the style, and as a rule the tip enters the micropyle 
of an ovule and so reaches the apex of the nucellus. This most usual 
course of the pollen-tube is termed porogamy, but many cases of 
departure from it have become ^ j 

known of recent years. I 


Treub ( 15 ) first showed in Casuarina 
that the pollen-tube entered the ovule 
by way of the chalaza, and thus reached 
the peculiar sporogenous tissue, which 



Fig. 5‘.H. — Longitudinal section of an ovary of 
Juglans regia to show the clialazogamy. ps, 
Pollen-tube ; e, embryo-sac ; cha, chalaza. 
(Somewhat diagrammatic, x 6.) 



Fio. 592. — A , Embryo-sac of Helianthvs 
cumuus (after Nawaschin). B, The male 
nuclei more highly magnified. ps f Pollen - 
tube ; s lt ^ synergidae ; sp v sp 2t male 
nuclei ; ov, egg-cell ; ek, nucleus of em- 
bryo-sac ; a, antipodal cells. 


in this case develops a number of macrospores, or embryo-sacs. Chalazogamy, 
as this mode of fertilisation is termed in contrast to pouogamy, has since been 
shown to occur in a largo number of forms. These belong to the Casuarinaceae, 
Juglandaceae, Betulaceae, Ulmaceae, Celtoideae, Urticaceae, Cannabinaceae, and 
Euphorbiaceae, which all have the common character of the pollen-tube growing 
within the tissues, and avoiding entrance by the micropyle. This in some cases 
(Urticaceae) becomes closed or, as in the Euphorbiaceae, is covered by the obturator. 
The pollen-tube makes its way to the embryo-sac sometimes from the chalazal end 
(Fig 591) and sometimes from the side of the ovule, penetrating the tissues that 
lie between it and the egg-apparatus. Since, according to the opinion of many 
authors, the families mentioned above stand at the lower end of the series of 
Dicotyledons where a connection with the Gymnosperms might be looked for, 
this type of fertilisation may be regarded as departing from the behaviour of the 
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more numerous porogamic Angiosperms and approximating to tlie original 
relations in Gymnosperms. In the latter the whole overlying tissue of the 
nucellus has to be penetrated by the pollen-tube to reach the embryo-sac (Fig. 
581, cf. also p. 619). Nawaschin further shows that there are also indications 
in the development of the contents of the pollen-tube that these forms are at a 
lower stage than the majority of Angiosperms. In Juglans the two male nuclei 
remain enclosed by a common protoplasmic mass which even enters the embryo- 
sac ; it then gradually disappears and the naked nuclei emerge and fulfil their 
respective functions. Probably, however, the above named families are reduced 
rather than constituting, as these investigators assume, an ascending series. 
The phenomena are consistent with both views. 

When the pollen-tube, containing the two sperm-nuclei, has reached 
the embryo-sac, its contents escape and pass by way of one of the 
synergidae to the ovum ; this syncrgida dies. One of the two 
male nuclei fuses with the nucleus of the ovum, which then becomes 
surrounded by a cellulose wall. The second male nucleus passes the 
ovum and unites with the large secondary nucleus of the embryo-sac 
to form the definitive nucleus of the embryo-sac or the ENDOSPERM 
NUCLEUS (Fig. 592). Both the male nuclei are often spirally curved 
like a corkscrew, and Nawaschin, who first demonstrated the 
behaviour of the second male nucleus, compares them to the sperma- 
tozoids of the Pteridophyta. The further development usually 
commences by the division of the endosperm nucleus ( 1(i ). If each 
nuclear division is followed by a cell-wall the process may be termed 
a cellular endosperm-formation ; this is found in many Compositae, 
Solanaceae, Primulaceae, Aponogeton , Potamogeton , etc. (Fig. 593). 
If on the other hand a large number of nuclei lying in the layer of 
protoplasm lining the walls are first formed, and then cell- walls are 
simultaneously produced, the endosperm-formation may be termed 
nuclear (Fig. 594). Only when the endosperm has developed does 
the further formation of the embryo in the way first described by 
Hanstein take place (Figs. 595, 596). 

The distinctive feature of the development of the endosperm in 
Angiosperms from the prothallus of Gymnosperms lies in the 
interruption which occurs in the process in the case of the endosperm. 
In the embryo-sac, when ready for fertilisation, only an indication of 
the prothallus exists in the vegetative, antipodal cells. The true 
formation of the endosperm is dependent on the further development 
of the embryo -sac, and waste of material is thus guarded against. 
The starting-point of this endosperm-formation is given by the 
secondary nucleus of the embryo-sac, which needs to be stimulated 
by fusion with the second male nucleus to form the endosperm 
nucleus, before it enters on active division (cf. Gnetaceae). 

From the fertilised ovum, enclosed within its cell-wall, a pro- 
embryo consisting of a row of cells is first developed ; the end cell 
of this row gives rise to the greater part of the embryo. The 
rest of the pro-embryo forms the suspensor. Between the embryo 
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and suspensor is a cell known as the hypophysis (Fig. 595), which 
takes a small part in the formation of the lower end of the embryo. 
Ihe segmentation of the embryo presents differences according to 
whether the plant belongs to the Monocotyledons or Dicotyledons. 
In the latter, two cotyledons are formed at the end of the 
growing embryo (Fig. 595 D\ and the growing point of the 

SHOOT ORIGINATES AT THE BASE OF THE DEPRESSION BETWEEN 

them. Monocotyledons, on the other hand, have a single 

LARGE TERMINAL COTYLEDON, THE GROWING POINT BEING SITUATED 
LATERALLY (Fig. 596). In both cases the root is formed from the 
end of the embryo which is directed towards the micropyle; its 
limits can be readily traced in older embryos. 



tion of ihe endosperm in 

AqtjeraUnn meiimnum. Fio. 594.— Nuclear formation of the endosperm of Reaeila 

(After O. Dahlourkn ) odorata. (After E. Sirasrurger.) 

Alter fertilisation a considerable accumulation of reserve-materials is necessary 
in the embryo-sac both for the development of the embryo and for its future 
use. It is thus of importance that a means of transfer of these materials 
should exist. In the simplest cases the endosperm simply enlarges, crushing the 
surrounding tissues of the nucellus ; often the antipodal cells, which are the 
structures which lie nearest to the chalaza, are entrusted with the function of 
nourishing the embryo-sac. They then increase in number and sometimes undergo 
considerable further development. Other portions of the embryo-sac ( 16 «) may grow 
out as long haustoria which sometimes emerge from the micropyle and some- 
times penetrate the tissue beneath the chalaza. In some cases, especially in 
insectivorous and semi-parasitic plants, a special store of reserve-material is laid up 
in this position for transference to the macrospore (Fig. 597). 

In some cases plants have more or less completely lost the 
capacity for sexual reproduction, which has been replaced by other 
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modes of reproduction that can often be distinguished only by 
careful investigation. Thus in some plants, e.g. Alchemilla , Thalidrum, 
Taraxacum , some Urticaceae, eto., no reduction-division takes place in 
the development of the embryo-sac. The “ egg-cells ” are thus not 
capable of being fertilised ; they are not normal sexual cells but 
possess the character of vegetative cells. Such diploid “ egg-cells ” 
are able to develop without a precedent nuclear fusion, and in connec- 
tion with this (or as its cause ?) the pollen is usually sterile. In order 
to maintain agreement with zoological terminology, this phenomenon, 
i.e. the further development of an egg-cell without fertilisation, may 
be termed parthenogenesis. 

Since in the above cases the egg-cell was diploid, the phenomenon, 


c 


Fig. 596. —Young embryo 
of Alisma Plantago. c, 
Fig. 595. — Stages in the development of the embryo of Capsella bursa Cotyledon ; v, growing 

pastoris (A-D). h, Hypophysis ; et, suspensor ; c, cotyledons ; p, point. (After Hanstein, 
plumule. (After Hanstein, magmlied.) magnified.) 

may be spoken of as “ somatic parthenogenesis.” Generative partheno- 
genesis, i.e. the further development of true haploid egg-cells without 
fertilisation, is not known among Spermatophyta. 

Apogamy is to be distinguished from parthenogenesis. The 
development of haploid cells of the embryo sac, such as the synergidae 
or the antipodal cells, to produce an embryo would be termed 
“generative apogamy.” The development of embryos from diploid 
cells of the nucellus, as in Furikia (Fig. 598), Citrus aurantium , etc., 
or the experimentally induced adventitious embryos of Haberlandt 
( 17a ) would be “somatic apogamy.” Possibly in this case the term 
“micellar embryony ” would be preferable. 

Lastly, by “apospory ” is to be understood the origin of gameto- 
phytes from tissue of the sporophyte without the presence of spores. 
Such a case of apospory is clearly shown in Fig. 599. A large vege- 
tative cell, outside the nucellus, though close to it, crushes the 
macrospore-mother-cell which has already divided into four and en- 
larges greatly, behaving like an embryo-sac. This “ egg-cell ” is natur- 
ally diploid and forms an embryo without being fertilised. 







orv. n 


SPERMATOPHYTA 


591 


According to the investigations of Ostknfkld and Rosenberg, the genus 
lUeracium is of special interest, since the formation of the embryo within the 



Fin. — Haustoria of the embryo-sac of mn nemorosn:n (after Balicka-Iwanowska). 

h . llanstoiia of the chalazal end;c, nutritive tissue; d, branch of the vascular bundle; r, 
fmiicle ; /, embryo; g, the suspensor; a, a„ i,„ haustoriul tubes arising early from the micro- 
pylar end, spreading widely in the ftmicle and sometimes pend rating the epidermis; h, the 
base of attachment, of these ; i, cross-walls in the tubes. 

ovule may commence in very various ways. In most cases a tetrad formation 
accompanied by a reduction-division takes place, but only some of these ovules are 
found to have a normal embryo-sac capable of fertilisation ; as a rule this is dis- 
placed by a vegetative cell which develops into an embryo-sac aposporously 
(Fig. 599). In exceptional cases embryo-sacs with parthenogenetic egg-cells are 
formed. 
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The Seed ( 16 ) 

The entire structure developed from the ovule after fertilisation 
is termed the seed. Every seed consists of the more or less advanced 
embryo developed from the fertilised ovum, the endosperm surround- 
ing the embryo, and the protective seed-coat. The seed-coat is 
always derived from the integument or integuments ; their cells, by the 
thickening, suberisation, and lignification of the walls, give rise to an 
effective organ of protection against drying and injury for the dormant 
young plant within. A special development of the epidermis of the 
seed into mucilage-cells is of frequent occurrence (Quince, Linum , 



Fig. 598.— Vegetative formation of embryos in Funkia ovata. n, Nucellus with cells in process 
of forming the rudiments ( ae ) of the adventitious embryos ; S, synergidae ; E, egg-cells, in 
the figure on the right developing into an embryo ; ii, inner integument. (After Stkasburokr.) 


many Cruciferae, etc.). The mucilage serves as a first means of 
fixation in the soil and also retains water which is necessary for 
germination. Such other features of the surface as hairs, prickles, 
etc., have usually the former function, if they do not stand in relation 
to the distribution of the seed. 

Points of morphological importance in the seed-coat are (1) the micropyle, (2) 
the hilum ( = place of attachment to the funicle), and (3) the raphe. From what 
was said above (p. 547) it follows that the micropyle and hilum will lie at opposite 
poles of the seed when the ovule is atropous. In seeds derived from anatropous 
ovules (i.e. those in which the funicle lies along one side of the ovule, which is 
bent round at the chalaza) the hilum and micropyle are close together. Only seeds 
of this kind possess a raphe connecting the hilum and chalazal region. Campylo- 
tropous ovules develop into seeds resembling those derived from anatropous ovules, 
but the embryo is curved. 

In some cases the function of the seed-coat is modified owing to the protection of 
the seed or seeds being undertaken by the pericarp ; this or its innermost layers 
are developed as sclerotic cells and form the stone of the drupe or shell of the 
nut (cf. p. 595 (f. ). In such cases (e.g. Almond, Cherry-Laurel, Cherry, Pepper, etc.), 
since any special development of the seed-coat is unnecessary, it tends to become 
reduced; its cells do not thicken or modify their walls and the various layers 
become simply compressed. 

The nutritive tissue in the seeds is developed, in the case of 
Gymnosperms (except in Gnetum ), by the time of fertilisation and 
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constitutes the prothallium (cf. p. 574 ff.). This fills the embryo-sac and 
nourishes the embryo, which grows down into it. The surrounding 
tissue of the nucellus becomes crushed so that the embryo-sac extends 
to the seed-coat. The cells of 
the endosperm are packed with 
reserve-materials (starch, fat, 
proteid), and these are utilised 
in the further development of 
the embryo ; this takes place 
on germination, usually after 
a period of rest. 

The nutritive tissue in the 
Angiosperms (and of Gvetum) 
arises, on the other hand, after 
the egg-cell has been fertilised. 

It originates from the second- 
ary nucleus of the embryo-sac 
derived by the fusion of the 
two polar nuclei. This is 
stimulated to division after 
fusion with the second male 
nucleus. (On the two types 
of endosperm cf. p. 588.) 

In Angiosperms also the endo- 
sperm as a rule compresses the 
remains of the nucellus. Reserve- 
materials such as starch, fatty oil, 
and aleurone grains are accumu- 
lated in the cells (Fig. 600) ; in 
other cases the greatly thickened 
walls form a store of reserve- 
cellulose (Fig. 601). In a few 
cases, as in Piperaceae, Scitamineae, 
etc., the nucellus persists and also 
serves as a nutritive tissue ; it is 
then termed peris perm (Fig. 602 B). 

When lamellae of the perisperm or 
of this and the seed-coat grow 
into the endosperm, they usually 
differ from the latter in colour 
and contents ; the endosperm is then said to be ruminated [ Myristica (Fig. 
639), Areca]. 

In very many cases, e.g. Leguminosae, Cruciferae, etc., not only is the nucellus 
absorbed by the endosperm, but the latter is completely displaced by the embryo. 
The reserve-materials are then stored up in the cotyledons or in the whole body of 
the embryo (Fig. 603). 

Lastly, a structure known as the arillus must be mentioned, which usually 
stands in relation to the distribution of the seeds. It arises as a succulent ( Taxus ) 

2 Q 



Fiu. 59l>. — Aposporous origin of the embryo -sac of 
Hieracium flagellare. a. Normal tetrad of macro- 
spores ; by c, the disorganisation of this. The 
diploid embryo-sac arises from a cell of the integu- 
ment that is recognisable m a. (After O. Rosenbero 
and A. Ernst.) 
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or dry [ Pahudia jaranica (Leguminosae) Strclitzia reginae ], and usually brightly 
coloured outgrowth from the funicle. It grows up around the ovule and ultimately 
comes to invest the seed more or less completely (Figs. 604 1), 605). An outgrowth 
in the neighbourhood of the micropyle, which is found in the Euphorbiaceae, is 
termed a cakuncula (Fig. 604 £, C). 


The Fruit ( 1G ) 

The effect of fertilisation is not only seen in the macrosporangia 
but extends to the macrosporophylls or carpels. The structures of 



Fig. 600.— Part of section through one of the 
cotyledons of the Pea, showing cells with 

reserve -material, am, Starch - grains ; al, Fig. 601.— Transverse section of the seed of CoJ- 
aleurone grains ; p, protoplasm ; n, nucleus. chicum , showing the reserve-cellulose of the 

(x 160. After Strasburger.) endosperm within the seed-coat. 


very various form which are formed from the carpels (often together 
with the persistent calyx and the floral axis) are called FRUITS, and 
serve primarily to protect the developing seeds. In Gymnosperms, 
where the ovules are borne freely exposed on the carpels, no fruits in 
the strict sense can exist, since no ovary is present. Thus in Cycas , 
Ginkgo , Tams . , Podocarpus , Gnetnm , and Ephedra we can only speak of 
seeds and not of fruits. When, however, the carpels after fertilisation 
close together, as in the cones of some Gymnosperms and the berry- 
like cones of Juniperus , a structure analogous to the angiospermic fruit 
is formed, and the term fruit may be used. 

A great variety in the development of the fruit in Angiosperms 
might be anticipated from the range in structure of the gynaeceum. 
The simplest definition of a fruit is the ripened ovary, but difficulties 
arise in the case of apocarpous gynaecea. 

The product of the individual carpels associated in such apocarpous gynaecea 
as those of the Rosaceae will here be termed pa in fa i. it. tits or inr itlktn, while 
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the product of the whole gynaeceum will be spoken of as the fruit or the 
collective fruit. The hollowed-out or projecting floral axis hearing the carpels 
may be included in the fruit. Thus the Strawberry is a collective fruit composed 


of the succulent receptacle bearing the 
small yellow nut-like fruitlets. In the 
Apple the core only is the fruit, the 
succulent tissue being derived from the 
hollowed floral axis surrounding and 
fused with the carpels. In the Rose there 
is similarly a collective fruit, the fruitlets 
being the hard nutlets enclosed by the 
succulent receptacle (Fig. 606). In the 
case of fruits resulting from syncarpous 
gynaecea the further development of the 



i jj 


Fia. 602. — A, Seed of Ilyoscyamus niger , showing 
the dicotyledonous embryo embedded in the 
endosperm ; B, seed of Elettaria Cardamomum, 
with perisperm. (After Bbro and Schmidt.) 



Fia. 603 .— Capsdla bursa pastoris. A, Longi- 
tudinal section of a ripe seed; h, hypocotyl; 
c, cotyledons ; v, vascular bundle of the 
funicle (x 26). B t Longitudinal section of 
the seed-coat after treatment with water • 
e , the swollen epidermis ; c, brown, strongly 
thickened layer; *, compressed layer of 
cells; a, the single persisting layer of 
endosperm cells containing aleurone grains. 
(X 250. After Strasburoer.) 


wall of the ovary as the pericarp has to be especially considered. The outermost, 
middle, and innermost layers of this are distinguished as exocarp, mesocarp, and 
kn doc A rp respectively. 



leuca; in , micropylo; r, earuncula. Fn;. 60.">. .1, Muristnyt fmgmns, seed from which the 

(7, Seed of CheliiUm i u m m>ijus. IK Set'll arillus (nr) is partly detached. MyrhtU'a argentea, 

of Nympkaen alhn with its arillus. se.d after removal of flu' arillus; Ch, chalaza ; r, 

(After I trcti autre.) raphe; k t hilum. (After Warbvro. i] nat. size.) 

According to the nature of the pericarp the forms of fruit may be classified as 
follows : 

1. A fruit with a dry pericarp, which opens when ripe, is termed a capsule 
(Fig. 607). When dehiscence takes places by a separation of the carpels along their 
lines of union, the capsule is septicidal (e.g, Colchicum , Fig. 830) ; when the 
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separate loculi open by means of a longitudinal split, it is termed loculicidal 
(e.g. Omithogalum , Tig. 832), and when definite circumscribed openings are 
formed it is termed poiiicidal {e.g. Paparer). As special types of frequent occur- 
rence may be mentioned : the follicle, which is a capsule developed from a 
single carpel and opening by separation of the ventral suture, e.g. Aconitum (Fig. 

677) ; the legume or pod, which 
differs from the follicle in dehiscing 
by both ventral and dorsal sutures, 
e.g . Pea ; and the siliqua of the 
Crueiferae, which opens by the separa- 
tion of the carpels from the false 
septum {e.g. Ghdranthus , Fig. 683). 

2. Indehiscent fruits have a 
pericarp which does not open at 
maturity. 

(a) Those with a hard pericarp are 
termed nuts, e.g. Hazel-nut, Lime, 
Hr Haul has, Fumaria , Fagopyrum 
(Fig. 608). 

(b) When a dry fruit, consisting of 

Fie. ( 106 .— Collective fruit of Sm cnsiating of several car P els . sc l ,arates " l;ltl "' it y 
the llesliy hollowed axis s', the persistent sepals s, into its partial fruits without, t In 1 lat tor 
and the carpels fr. The stamens t have withered, opening, it is termed a si'll IZOCAKP 
(After Dijohartre.) Umbelliferae, Malm, Galium , 

Fig. 609). 

(c) A berry is a fruit in which all the layers of the pericarp become succulent, 
as in Vacdnium, Fit is, Physalis (Fig. 610). 

(rf) In the drupe the pericarp is differentiated into a succulent exocarp and a 
hard endocarp. Prunus (Fig. 697) and Juglans (Fig. 658) are familiar examples. 




Fio. *107.— Modes of dehiscence of capsular fruits. A, P, Capsule of Vinln him, hr tiffnrn and after 
the dehiscence; C, poricidal capsule of Antirrhinum tun jus (mu^nifird); l>, K, pyxidiuin of 
Anagallis arvensis before and after dehiscence. 


When, on the other hand, the group of fruits borne on an inflorescence has the 
appearance of a single fruit, the structure may bo termed a spurious fruit. The 
Fig {Ficus) is the best-known example of this, but similar spurious fruits are 
especially frequent in the Urticaceae and Moraccae. The comparison of a 
Blackberry, which is the product of a single flower, with the spurious fruit of 
the Mulberry will show how closely the two structures may resemble one another 
(Fig. 611). 
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Distribution of Seeds ( 17b ) 

The same agents are available in the distribution of seeds as in the conveyance 

of pollen— currents of air and water, animals, and in addition human traffic. A 

distinction must be made, however, between the conveyance of pollen and of seeds, 

in that while a i>ollen-grain is extremely small and weighs very little, seeds contain 

■ ■ 



Fio. 608.— Dry indehiscent fruits. A, Nut of Fumuria Fi<;. OOi^Seliizocarp «»f Col him 
officinalis (x 6). B, Of Fagopyrum esculent uni (x 2). molluyo. (x 6. After Du 

(After Duchartre.) chartre.) 


a certain amount of reserve-materials and are thus larger and heavier. In spite of 
this the transport of seeds by the wind is the main means of their dispersal. 

Often the suitability of seeds for wind-dispersal is due simply to their minute 
size and their lightness ; thus millions of seeds are produced in a capsule of 



Fio. 610.— Fruit of Physalis cUkckcngi , 
consisting of the persistent calyx 
$, surrounding the berry fr, derived 
from the ovary. (After Duchartre.) 


Stanhopea , and the weight of a seed of 
Dendrobiumattcnuatum has been determined 
to be about milligramme. Thus these 
Orchids play a part as epiphytes in damp 
tropical forests only equalled by Ferns, the 
spores of which are as light. A much 



Fio. 611.— A, Collective fruit of Ruhu* fruti- 
cosus. B, Inflorescence of Mulberry (Mr, ms 
nigra, spurious fruit. (After Pucuautke.) 


more common arrangement is found in heavier seeds when the volume is increased 
and a large surface is offered to the wind. Either the whole surface of the seed 
bears longer or shorter hairs as in the Willow (Fig. 656), Poplar (Fig. 657), and 
Cotton (Fig. 728), or a longer tuft of hairs is borne at one end as in the 
Asclepiadaceae and Apocynaceae ( Strophanthus , Fig. 774), and many Gesneriaceae 
and Bromoliaccae. An equally frequent arrangement in other families of plants is 
the development of a flat wing formed of a thin and light membrane. This in our 
Firs (Fig. 626) and Pines (Fig. 627) is split off from the o villiferous scale, while in 
Rhododendron , Biguoniaceae, some Cucurbitaceae ( Zanonia ), and in the Rubiaceae 
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( Cinchona , Fig. 794) it develops on each seed within the ovary. In no case is it 
more perfect than in Pithecoctenium echinatum (Fig. 612), where the delicate silky 
wing leads to the falling seed assuming an almost horizontal position and being 
carried far even by a slight breeze. 

Other parts of the flower or fruit may be developed as wings, especially when 
one-seeded fruits (or schizocarps) are concerned. Examples of this are afforded by 
the sepals of the Dipterocarpaceae, the large bract of the inflorescence of the 
Lime (Fig. 730), the bract and bracteoles of Carpinus (Fig. 660), and more 
commonly the wall of the ovary as in Betula (Fig. 660), Alnus , Ulmus (Fig. 653), 
Polygonaccae (Fig. 649 D), Acer (Fig. 746), Fraxinus (Fig. 769), or the fruits of 
the Typhaceae, Eriophorum (Fig. 842) and Anemone (Fig. 675). The same use is 
served by the crown of hairs (pappus) which is developed at the upper end of one- 
seeded fruits such as those of the Valerianaceae (Fig. 796) and Compositae 
(Fig. 811 j B), especially when it has a parachute-like form duo to the later elonga- 



Fio. 612. — Winged seed of Pithecoctenium echinatum. (After Noll. Nat. size.) 

tion of the upper end of the fruit as in Taraxacum (Fig. 812), Tragopogon , etc. 
According to Dingler the fall in air as compared with that in a vacuum in the 
first second is six times slower in the case of the fruits of Cynara Scolymus provided 
with scaly hairs ; in Pinus sylvestris the fall is seven times, and in Pithecoctenium 
thirty times slower. 

The distribution of seeds and fruits by ocean currents is important for many 
plants. The strand-flora of the Malayan Archipelago, for example, consists, accord- 
ing to Schimper’s investigations, exclusively of plants with floating fruits or seeds, 
the adaptations of which correspond more or less to those of the Coco-nut (Fig. 824), 
which is distributed everywhere on tropical coasts. A thick exocarp consisting of 
a coarsely fibrous tissue renders the fruit buoyant and protects the brittle and stony 
endocarp from being broken against the rocks and stones of the shore. A very 
similar structure is exhibited by species of Barringtonia , Cerbera Odollam (Fig. 
613), Terminalia catappa , Nipa fruticans , and many smaller plants belonging to 
the shrubby and herbaceous vegetation of the dunes and strand. In all cases the 
capacity of floating for a long time without loss of power of germination is a con- 
dition of the distribution of the seeds and the success of the species. The necessity 
of both these capacities is illustrated by the limited distribution of the Palm, 
Lodoicea Seychellarum, which is capable of floating but cannot endure the effect of 
salt water. 

The distribution of fruits and seeds by means of animals depends as a rule upon 
the succulent and attractive fruits serving as food for birds, the undigested seeds 
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being shed. A familiar example is afforded by the Elder ( Sambucus nigra), the 
black fruits of which are eaten by various birds in summer. There are many such 
cases, and for some seeds the passage through the intestine of the animal appears 
to be a necessary preliminary to germination. The development of an arillus 
(cf. p. 593) is in many cases an adaptation to distribute the seed by means of 
animals. The arillus of Taxus with its bright red colour which surrounds the 
single seed is greedily eaten by blackbirds ; the arillus is the only part of the tree 
that is not poisonous. The red fruits of Euonymus when they open expose four 
seeds with bright red arilli, which are eaten by chaffinches. The Nutmeg is 
distributed over the islands about the Moluccas by a large pigeon which is 
attracted by the bright red arillus around the black seed which is exposed on the 
dehiscence of the fruit. In a similar way our Mistletoe in winter, when little 
other food can be obtained, is eaten by blackbirds and other birds ; when the 
birds clean their beaks the seeds remain 
attached to the branches by reason of 
the viscid substance around them and 
are able to germinate in this position. 

The spread of plants with hooked fruits, 
etc., such as Galium aparine, species of 
Lappa (cf. Fig. 808 a), Bidens , Xanthium , 
etc., by means of the fur of quadrupeds ; 
the general distribution of water-plants 
from one pond to another by aquatic 
birds ; and the distribution of the Hazel- 
nut, etc., by means of squirrels, do not 
require detailed description. Lastly, 
the distribution of certain seeds by 
means of ants must be mentioned ; 
these animals are attracted to remove and 
accumulate the seeds by the abundance 
of oil in the tissue of appendages such p 1 Q > (}]3 4 — Fruit, of CcrberaOdollam, from the drift, 
as the car line 111 a. The exocarp and the succulent, mesocarp are 

It is a matter of general knowledge wanting, so that the buoyant tissue traversed 
that man by his commerce and industry llbrous strands is ox l' ose,i - < After 

has exerted great influence on the dis- Schimpek.) 

tribution of food-plants and other plants of economic value. In this way the seeds 
of many weeds have been unintentionally distributed over the inhabited earth, a 
fact that could be illustrated by numerous examples. 

Germination ( 18 ) 

Seeds which have escaped the various risks of distribution require a suitable 
environment for germination. Small seeds readily find shelter in cracks or depres- 
sions of the soil and become fixed there owing to special properties of tlieir surface. 
Larger seeds are sufficiently covered by fallen leaves. The fruitlets of Erodium 
and other Geraniaceae, of Avena sterilis , species of Stipa and other Grand neao 
penetrate the soil by tbe aid of their hygroscopic curvatures (cf. p. 335, Fig. 276) ; 
the presence on their surface of back wardly-direc ted hairs prevents their losing 
the position reached. The burial of the fruits of A nn-h is kupogaca, 'Trifolium sub - 
tciraneum, and Okenia hypogaca is brought about by the growth of their positively 
geotropic stalks, while negative lieliotropism determines the insertion of the fruits 
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of Linaria cymbalaria into the crevices of the walls on which the plant lives 
(cf. p. 353). 

When the seeds find sufficient moisture they swell considerably. With this 
they lose some of their resistance to such dangers as extremes of temperature and 
desiccation ; their former resistance was due to the small proportion of water they 
contained. The next step is the rupture of the seed-coat, which, as a rule, is 
effected by the emerging root. Since the root is always directed towards the 
micro pyle, this region of least resistance is 
penetrated by the root-tip and forced open 
by the growth of the hypocotyl (Figs. 614, 

615). The root at once bends downwards 
geotropically, and, by means of its root- 
hairs which are especially long and numerous 
at the junction of the root and hypocotyl, 
fastens the seedling in the soil. Meanwhile 
the hypocotyl grows and gradually emerges 
from the seed-coat, while the cotyledons, as 
a rule, remain for a time enclosed in the 
latter and absorb the remainder of the 
reserve-material (Figs. 614, 616 a). This 


Fig. 614 .— Thuja occidental is. A, Median longi- 
tudinal section of the ripe seed. li-E, Stages 
in germination ; h, hypocotyl ; c, cotyledons ; 
r, radicle ; v, growing point of stem. (A x 5 ; 
it, C X 2 ; D, E nat. size. After Schenck.) 


Fig. 615 .— Pinus pinea. Germination. 
(After'SACHS.) 7, Longitudinal sec- 
tion of the seed ; y , mieropylar end. 
77, Early stage of germination ; 8, 
seed -coat ; e, endosperm ; v\ primary 
root; x , broken-through embryo-sac ; 
r, red layer of the seed-coat. Ill, 
The cotyledons (c)have escaped from 
the exhausted seed ; he , hypocotyl ; 
u/, lateral roots. 


process leads to the hypocotyl becoming more and more strongly curved, and the 
tension resulting from its further growth withdraws the cotyledons from the seed- 
coat. The seedling then becomes erect, the leaves are expanded and can assimilate, 
and thus its independent life commences. The number of cotyledons is usually 2, 
but in some genera of Coniferae varies from 3-oo (Fig. 615). 

This most frequent type of germination is characterised by the cotyledons 
being expanded above ground and is termed epigeal. It is nearly always found 
in the case of small seeds. 

Hypogeal germination is for the most part found in large-seeded Dicotyledons, 
the cotyledons of which contain the stored reserve -materials ( e.g . Vida faba t 
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Pisum, Aesculus , Juglans , etc.). It is characterised by the cotyledons remaining 
enclosed in the seed-coat after the root has penetrated into the soil ; the epicoty- 
ledonary stem emerges from between the cotyledons, becomes erect, and bears the 
later leaves in the usual way. While there is a sharp morphological distinction 
between the two types of germination, the difference is of little systematic value ; 
within the Papilionaceae many intermediate conditions are found, and in the 
genus Phaseolus , Ph. vulgaris is epigeal and Ph. multiftorus hypogeal. 

The germination of monocotyledonous seeds differs from the cases described 
above in that after the main root has emerged the sheathing base of the larger 
or smaller cotyledon emerges from the seed. Its tip remains either for a time 
or permanently in the seed, and serves as an*absorbent organ to convey the reserve- 
materials stored in the endosperm to the seedling. The first leaf of the latter 
soon emerges from the sheathing base of the cotyledon (Fig. 616 6). Very hard 
seed-coats are often provided with special arrangements to enable the root to 
escape. Thus in the coco-nut three openings are present, one corresponding to 
each carpel. The opening behind which the tip of the root of the single embryo 
is situated is covered by a very thin layer, 
while the two other openings are firmly 
closed. The hard stony seed -coat of another 
Palm ( Acrocomia sclerocarpa ) has a loosely 
fastened plug opposite the tip of the root. 

In the wliolo family of the Scitamineae there 
is a limited thinner region of the hard seed- 
coat above the root-tip of the embryo, which 
is lifted up as a sort of lid on germination. 

The so-called “ viviparous ” plants show 
peculiar arrangements which can only be 
briefly mentioned here (Fig. 715). Vivipary 
is found in the inhabitants of tropical 

mangrove -swamps and is to be regarded as „ . _ 

° . . . , A , . , , , , . . _ Fig. 610. — Seedlings, a, of Scorzonera 

an ecological adaptation to the conditions of of lrU psewklcOTlls , (Aft er 

life. The one-seeded fruits germinate while Klebs.) 
still attached to the parent-plant, i.e. the 

pericarp is ruptured by the radicle of the embryo which first grow's from the 
micropylar end of the seed. The hypocotyl which thus becomes free may attain 
the length of over 1 metre in Rhizopkora (cf. Figs. 182, 715). The embryo 
thus hangs by its absorbent cotyledons which remain in the seed, until it 
separates from the plant owing to its own weight, and, falling vertically, sticks 
into the soft mud. 

Arrangement of the Classes, Orders, and Families 

Class I 

Gymnospermae ( 19 ) 

Of the groups of Gymnosperms the Cycadeae can certainly be traced back to the 
Cycadofilices (cf p. 537, Pteridospermeae), probably by way of the Bennettitaceae 
(cf. p. 618, Cycadeoidca) ; as regards the Coniferae, however, it is a matter of doubt 
whether they stand closer to the Lycopodiinae or to the Cycadinae. While on 
account of the vegetative organs, the former view could be entertained, the cone- 
like flowers of the Coniferae seem clearly to point to a close connection with the 
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Cycadinae. The cones of the Abietineae consist, like those of the Cycads, of numerous 
macrosporophylls. Each cone corresponds to a flower, and not to an inflorescence, 
just as is the case for the spirally constructed flower of the Magnoliaceae. 

Order 1 . Cycadinae ( n ) 

This includes the single Family Cycadaceae. These are woody plants 
restricted to tropical and sub-tropical regions. Cycas is a native of Asia ; 
Macrozamia and Bowcnia of Australia, j Encephalartos and Stangeria are African, 
while America has the genera Dioon , Ceratozamia , Zamia, and Microcycas. The 



Fio. 617.— Group of Cycas revoluta in a temple garden in Japan. The stems attain a height of 
eight metres and a circumference of two metres. (After G. R. Wikland.) 

general habit is illustrated by the fine examples of Cycas revoluta in Fig. 617, 
some of which are branched. 

The stem, which undergoes secondary growth in thickness, is as a rule 
unbranched or forms a sympodium, and bears large, pinnate foliage -leaves. 
These, which are of firm leathery texture and persist for a number of years, 
alternate with smaller scale-leaves and form a large terminal crown. The surface 
of the cylindrical or tuberous stem is clothed with the scale-leaves and the bases 
of the old foliage-leaves. Mucilage ducts are present in all parts of the plant. 
The vascular bundles are collateral, but their xylem consists of tracheides only. 

The Cycadaceae are dioecious. Fig. 618 represents a female plant of Cycas 
revoluta , in which the growing point forms alternate zones of foliage-leaves and 
macrosporophylls. When young the foliage-leaves are rolled up circinately as 
in the Ferns. One of the sporophylls is represented in detail in Fig. 618«. It 
shows the pinnate form of the foliage-leaf, but is densely covered with brown hairs, 
and chlorophyll is wanting. Towards the base two to eight macrosporangia are 
borne on the margins, in the place of pinnae. It is evident that each female plant 
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Fio. 618.— Cycos revoluta, female plant in flower. (From a photograph.) a, Macrosporophyll 
(carpel) of C-ycas revoluta. (After Sachs.) b, Miorosporophyll (stamen) of Cycas circiiudis . 
(After Rich ard.) 


sporo phy 1 Is is always grown through by the further development of the apex, 
which as a rule does not branch. The male plant of Cyras and the other Cycadaceae 
boar their sporophylls in terminal cones, often of un at m/.o, while the further 
growth of the plant is Directed by a lateral bud which continues the direction of 
growth of the sympodi.il axis, displacing the cone to one side. 

The cones consist of numerous sporophylls arranged spirally on the axis. The 
microsporophylls bear large numbers of microsporangia on the lower surface (Fig. 
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6186). The maiTosporophylls of the cone-bearing Cycadaceae are considerably 

modified as compared with Cycas, and each 
bears two marginal macrosporangia (Fig. 619). 
For the developmental history cf. p. 572. 


Order 2. Ginkgoinae ( n ) 

The single representative of the Family of 
the Ginkgoaceae which forms this order is 
Ginkgo biloba. Th is tree comes from Japan, but 
is often seen in cultivation in Europe. The 
long- stalked leaves are divided dichotomously 
into two or more lobes and are shed annually. 
The flowers are dioecious. The numerous 
stamens are situated on an elongated axis which 
bears no enveloping leaves. Microsporangia 
with an “ endothecium ” (cf. p. 554). Macro- 
sporangia in pairs at the summit of short shoots ; 
sporophylls reduced to a collar-like outgrowth 
around the base of the sporangium (Fig. 620). Developmental history, cf. p. 572. 


Fio. 610 .— Ceratozamia robusta. Macro- 
sporophy 11 with two macrosporangia. 
(After Goebel.) 



Fio. 620 .— Ginkgo biloba. Male branch with flower; the leaves are not yet full-grown, a, h, 
Stamens ; c, female flower; d , fruit; e, stone of same; /, stone in cross-section ; (/, in longi- 
tudinal section showing the embryo; h, female flower with an exceptionally large number 
of ovules borne on separate stalks. (Male flower and c, nut. size; d, slightly reduced ; the 
other figures magnified. After Richard ; a-d after Kiohi.fk.) 


Order 3. Coniferae ( 12 ) 

The Coniferae include conspicuous trees or shrubs with woody 
stems. The possession of small, undivided, firm leaves, flat or 
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needle-shaped, of xeromorphic structure, and usually lasting for several 
seasons, is a common character of the plants of the order ; they thus, 
with a few exceptions, such as the Larch, belong to the evergreen 
vegetation. All Conifers are profusely branched, and a distinction 
into long and short shoots is evident in the genera Pinus, Larix , and 
Cedrus . In' all cases the direction and rapidity of growth of the main 


Fi<>. 621.— VYmimm bacoata. 1, branch with female flowers; *, two ovules on the same shoot (nat. 
size). //, Leaf with axillary, fertih* shoot (x 2). C, Median longitudinal section of a primary 
and secondary shoot; /*, vegetative cone of the primary shoot ; a, rudiment of the aril; c, 
rudiment of the embryo-sac ; », nucellus ; /.integument; »/, micro pyle (x 48). (After Stras- 
burger.) Poisonous. 

axis differs from that of the lateral branches. This is especially seen 
in young individuals ; old trees are often more irregular in outline. 

The absence of vessels from the xylem of young plants and from 
the secondary wood is an anatomical characteristic. Their place is 
taken by large tracheides with peculiar bordered pits on the radial 
walls ; these form a very uniform wood. The majority of the 
Coni ferae have resin abundantly present in all the parts of the plant. 
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The Coniferae in contrast to the Cycadinae are mostly inhabitants 
of temperate regions, and are among the trees which approach nearest 
to the polar regions. Within the tropics they are mostly confined to 
mountains. 

The Coniferae are divided into two families on account of differ- 
ences in the floral structure. 

The Taxaceae have female flowers with one or few macrosporangia ; 
the latter are usually provided with an arillus. The flowers are usually 
not definite cones. Mostly dioecious. 

The Pinaceat, on the other hand, have a number of ovules in each 
female flower, the latter being a cone with numerous sporophylls borne 
on an axis. Arillus not present. Usually monoecious. 

Family Taxaceae. — The plants belonging to this family are grouped in a 
number of small genera, some of which, such as Taxus t Torreya> and Cephalotaxus , 
occur in the northern hemisphere, but most are distributed in the southern 
hemisphere. The most important genus is Podocarpus , the numerous species of 
which are widely distributed in temperate East Asia and in Australia and New 
Zealand, and also occur as stately trees on the mountains of the Asiatic tropics. 
The female flowers are small shoots, the sporophylls of which are swollen and 
succulent ; one or two sporophylls bear at the summit a single anatropous ovule 
surrounded by a fleshy arillus. The male flowers, which are borne on the same 
or on distinct individuals, are small, erect cones consisting of numerous sporophylls 
attached to a short erect axis. Each sporophyll bears two microsporangia on the 
lower surface ; the microspores are provided with distended wings. 

Taxus baccala, is the only European representative of the family. The Yew, 
which is now for the most part artificially introduced, had formerly a wide distribu- 
tion as an evergreen undergrowth in our native woods (Figs. 621, 622). The 
Yew tree attains a height of 10 m. Isolated examples of largo size occur. All 
the branches are shoots of unlimited growth. The leaves stand on all sides of 
the ascending main shoots, but in two rows on the horizontally-expanded lateral 
branches. They are narrow, flat leaves and persist for several years. The tree is 
dioecious ; the flowers are situated on the lower surface of the twigs and arise in the 
axils of the leaves of the preceding year. The male flowers are invested at the base 
by a number of scale-leaves and contain some ten peltate stamens, each of which 
bears 5-9 pollen-sacs (Fig. 622 A). The mode of opening of the sporangia is peculiar. 
The outer wall splits at the base and along the side of each pollen-sac, so that the 
whole stamen resembles an umbrella turned inside out ; the pollen remains for 
a time in the pocket- like depressions, from which it is removed by the wind. 
The female flower (Fig. 621) usually develops singly as a secondary, axillary 
shoot of the uppermost scale-leaf of a primary shoot ; the apex of the latter is 
displaced to the side and does not develop further. Each flower consists of a 
single atropous ovule with one integument. The drop of fluid excreted from the 
micropyle of many Gyranosperms is especially well shown by the Yew. As the 
seed develops, a fleshy arillus springs from its base and surrounds the mature 
seed like a bright red cup. The foliage and seed are poisonous, but the aril, 
which induces birds to distribute the seed, is harmless. 

Family Pinaceae.— This family includes the most important Coniferae, and on 
grounds of differences in leaf-arrangement and in the position of the ovules is 
divided into two sub-families. The forms with the leaves opposite or in whorls 
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are included in the Cupressineae ; they also have the ovules erect. All tne rorms 
with alternate leaves are included in the Abietineae , and, almost without exception, 
they also possess inverted ovules. 

Sub-family Cupressineae. —Some of the Cupressineae have needle-shaped leaves 
in whorls (Juniper, Fig. 623) ; others have decussately-arranged, scale-like leaves 
{Thuja, Juniperus sabina). The former type is to be regarded as the more 
primitive, for the seedlings of Thuja have needle-shaped leaves, and individual 
branches of scale-leaved forms of Juniperus revert to the needle-shaped leaves in 
whorls of three. 

The Cupressineae, with the exception of Juniperus , are monoecious. The male 



Fig. 622. — Fcunis bm'ratft , henring fruits. ($ nat. size.) . 1 , Male flower. (After Richard.) 

Poisoxors. 

llowers of Juniperus communis stand in the leaf-axils. At their base are a number 
of small scale-leaves (Fig. 623 A, a), above which come several whorls of peltate 
sporophylls (c), bearing 2-4 microsporangia (d) on the lower surface. The sporangia 
open by a vertical slit parallel to the long axis of the sporophyll. The female 
flowers occupy a corresponding position. The seah-h-aves at the base (Fig. 623 B) 
are succeeded by a whorl of carpels {C, b ), each of which bears a single upright ovule 
in a median position (c). After fertilisation a succulent parenchymatous growth 
mainly of the basal portions of the sporophylls raises the seeds and presses them 
together, without, however, obliterating the central space altogether. The three 
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Fio. 62Z.—Juniperus nommmis . Twigs bearing fruits and male flowers. (3 nat. size.) A, Male 
flower ; B, fertile shoot with female flower ; 0 , female flower with one scale bent out of place ; 
D, fruit. (All magnified. After Beko and Schmidt.) 


indicated by the scar at the apex of the ripe fruit. The succulence of the carpels 
gives the fruit the appearance of a berry. Juniperus is the only genus of the 
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Cupressineae with such fruits ; the others, such as Cupressus , Thuja , Taxodium , 
have cones, and boar the ovules on a slight outgrowth of the scale. 

Juniper us communis , Juniper, is a shrub or small tree distributed over the 
northern hemisphere. J. Sabina , a prostrate shrub of the Alps and other moun- 
tains of central and southern Europe. The Cypress ( Cupressus semper virens) in 
the Mediterranean region. Species of Thuja are commonly grown as ornamental 
trees. Taxodium distichum is a deciduous tree, forming extended swampy woods 
on the north coast of the Gulf of Mexico from Florida to Galveston ; the short 
shoots have two ranks of leaves and arc slied as a whole. T. mexncanum 
is evergreen and is widely distributed on the highlands of Mexico ; very large 



Fio. 624 . — Taxodium mexioanum in the churchyard of S. Maria de Tule at Oaxaka. 

This giant tree is one of the oldest living. (From a photograph.) 

specimens occur, such as the giant tree of Tule, which at a height of 50 m. was 
44 m. in circumference, and was estimated by von Humboldt to be 4000 years old 
(Fig. 624). 

Sub-family Abietineae. — The floral structure of the Abietineae may be described 
in the first place. The male flowers (cf. p. 551) consist of an axis bearing 
scale-leaves at the base, and, above this, numerous stamens; the pollen -sacs 
(lnierosporangia.) are situated on the lower surface of the stamen. In the Abietineae 
in the narrower sense there are two pollen-sacs, but in Agathis and Araucaria 
there are 5-15. The microspores are usually winged. The female flowers are 
always cones, consisting of an axis bearing the closely approximated scales, which 
protect the ovules. Ill Agathis and Araucaria each scale bears a single ana- 
tropous ovule at its base. The condition of affairs in Sequoia and Sciadopitys is 
similar, but the outgrowth is more clearly defined ; each scale bears 4-9 anatropous 
ovules. In the Abietineae proper the limits of the two scales are still more 

2r 
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marked. The two anatropous ovules are borne on an inner scale, which, at its 
base, is continuous with the scale of the cone. The outer scale is called 
THE BRACT-SCALE, THE INNER THE OVULIFEROUS SCALE (Figs, 625 C, 626, 5). 
The ovuliferous scale is the more strongly developed, and it is the part that 
becomes lignified and affords protection to the ovules. Even at the period of 
flowering the bract-scale is usually concealed by the ovuliferous scale and only 
to be detected on close inspection. In other forms, however [e.g. Abies , Fig. 625, 


Fio. 025.— Abies pectinata. A, Male flower; f, scale-leaves; h, sporophylls. II, Bract-scale (d) and 
ovuliferous scale (/r), seen from above. C, The same from below, m, the winged seeds. 
(After Rem: and Schmidt.) D, Abies Nordmanniana with ripe cones, the scales in part 
shed. (Reduced from Engler and Prantl.) 


Pseudotsuga Douglasii , etc.), the bract-scales even in the older cone project 
prominently between the ovuliferous scales. 

Most important Genera and Species.— Agathis (Dammam) is distributed in 
the Malayan Archipelago and extends to New Zealand ; A. australis and A. 
Dammam yield Kauri Copal but no Dammar Resin ; Araucaria brasiliana and A. 
imbricata are stately S. American forest trees. The genus Sequoia includes the 
most gigantic trees known ; specimens of S. giyantea from the Californian Sierra 
Nevada attain a height of 100 m. and a diameter of 12 m. The beautiful 
S. sempervirens from the coastal mountains is hardly inferior in size. 
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The Silver Fir ( Abies pedinata , Fig. 625 A-C) is a native of the mountains of 
the middle and south of Europe. It bears only long shoots. The flat, needle-like 
leaves, marked below by two white lines and emarginate at the tip, are borne on all 
sides of the axis, but are twisted into a horizontal position on the branches 
illuminated from above. They live for 6-8, or even for 15 years. The male 
flowers stand in the leaf-axils on the under side or on the flanks of the shoot, 
and grow downwards so that the pollen-sacs are directed upwards. The wall ot 
the sporangium opens by an obliquely longitudinal split, which gapes widely and 



Fig. 6*2(3. Firm extrim (.V nat. size). 1, Twig with male flowers. » Terminal female flower. 

p, m ,lulnus com*. 4, Mie.rosporophyll. Maen.sporophyll : the bract-scale is covered by the 
large, bent-back, uvulil'cious scale; an ovule is visible at the base of the ovulilerous scale. 
6, Ripe seed with the wing formed by a detached portion of the ovuliferous scale, (x 4-6.) 

allows the winged microspores to escape. The female flowers arise from the 
upper side of a branch and are directed vertically upwards. The bract-scales 
are longer than the broad, ovuliferous scales. The fertilised cones retain the 
upright° position, and when ripe the scales separate from the axis and so set the 
seeds free from the plant. The development of the seeds takes a year. Abies 
Nordmanniana, from the Caucasus (Fig. 625 D)> A. concolor, A. balsamea , and 
A. nobilis from North America are in cultivation. 

Picea excclsa , the Spruce (Fig. 626), is a fine tree of pyramidal shape ; it has 
no short shoots, and the long shoots bear on all sides pointed, quadrangular, 
needle-shaped leaves, which on horizontal or pendulous branches stand more 

2 R 1 
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or less erect. They live for 5-7 years, and on main shoots for 12 years. Male 
flowers as a rule on shoots of the previous year ; on flowering they become twisted 
into an erect position. The two pollen-sacs open by a longitudinal slit. Female 
flowers terminal on the shoots of the previous year, usually near the summit of 
the tree. They stand erect at the time of flowering. The ripe cones are 
pendulous and, after setting free the seeds from between the scales, fall in pieces. 
The development of the seeds is completed in one year. Picea orientalis from 
Asia Minor, Picea omorica from Serbia, and Picea alba , from North America, also 
Picea Engelmanni and Picea pungens are frequently cultivated. 

Larix europaea, the Larch (Fig. 628), is one of the few deciduous Conifers and 



Fio. 028.— Lari* v • bong shoots of the preceding b'w.te'.i.—EphedriiaHissimtt. 7, Habit 
year, that on (In* right bearing vegetative short shoots of a male inflorescence. An 

and that on the left male and female flowers in place of inflorescence with unripe fruits, 

them. (From Engler and Prantl.) (§ nat. size.) 

tinue the branching of the pyramidal tree, the lower branches of which often 
droop downwards. The short shoots arise in the axils of the leaves of the long 
shoots of the preceding year, and bear a rosette of 30-40 leaves which are somewhat 
shorter but resemble those of the long shoots. The flowers occur in a position 
corresponding to that of the short shoots. The male flowers are bent downwards 
when fully developed, and the opening of the upwardly directed pollen -sacs 
occurs as in Abies. The erect female cones produce seed in the same year. 
Species of Ccdrus are evergreen forest trees from the Atlas Mountains, Lebanon, 
and the Himalayas, and are grown in pleasure grounds. 

The most advanced differentiation of the vegetative organs is found in the 
genus Pinus ; P. sylvestris, the Scotch Fir, will serve as an example (Fig. 627). 

2 R 2 
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Young seedlings in tlie first or second year have long shoots bearing needle-shaped 
leaves. On older plants this type of foliage is lost ; tho needles are replaced by 
colourless, membranous scale-leaves in the axils of which stand the short shoots 



Fig. 630. — Wdmtschia mirabilis. Young plant (from Exoi.eii and Pkanti,). 



(cf. the explanation of Fig. 627). The needles are shed in three years. The seeds 
ripen in the second year, and are set free by the separation of the scales of the 
cone, which till then have been closely pressed together. The cones subsequently 
.. are shed. Pinus Montana, , a dwarf Pine 

occurring on mountains ; P. pinea y P. 
Wcembra, with edible seeds ; P. laricio , 
Corsican Pine from Austria; P. Pinaster , 
Maritime Pine from the Mediterranean 
• region ; P. taeda , P. Strobus, Weymouth 
Pine, P. Lambcrtiana from North 
$9 America. 

Poisonous. — Juniperus Sabina, Taxus 
baccata. 

Official. — Juniperus oxycedrus yields 
OLEUM cadinum ; Juniperus communis , 
oleum juniperi ; Abies balsamea supplies 
TEttEBlNTHiNA canadensis; Abies sibi- 
rica, supplies oleum abiktls ; Pinus sp. 
produce oleum terebinth inae rrctif. 



P 9 


h 



Fig. 631. — A , Ephedra cUtissima. Male flower 
( x 16, after Strasburoer) ; j>g, perigone ; b, 
leaf. B , Gruttum Gnemon , longitudinal section 
of a female flower (x 32, after Lotsy); w, 
nucellus ; ii, inner, and a i, outer integu- 
ments ; pg, integument-like investment or 
perianth. 


Order 4. Gnetinae ( 13 « 19a ) 

The only Family in this order is that 
of the Gnetaceae, to which only three 
genera belong : Ephedra (Fig. 629), 
leafless shrubs of warm, dry regions of 
the northern hemisphere. Welwitschia mirabilis (Fig. 630), a monotypic plant from 
the deserts of South-West Africa ; the widely expanded summit of tho stem 
bears after the cotyledons only a single pair of leaves, which are 1 m. in length 
and continue to grow at their bases. Gnetum (Fig. 632), tropical trees or climbers 
with broad, reticulately-veined leaves. These genera, while dilFering widely in 
appearance, agree in possessing opposite leaves (in Ephedra reduced to scales), in 
the development of vessels in the secondary wood, the absence of resin canals, 
and in the presence of a perianth to the flowers, which are usually dioecious (Fig. 
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631). The possession of tin's perianth makes it impossible to regard the cones of 
the Gnetaceae as flowers. They arc rather inflorescences and not homologous 
witli the cones of the Coniferae. These points of agreement with both Gyrnno- 
sperms and Angiospornis make the group in many ways an intermediate one 
between the two classes. The occasional or regular presence of flowers of both 
sexes in the inflorescences is noteworthy. Insects visit the flowers of all three 



Fio. 632. Gtu'(in) i Gncniuu. ", Hraneli with male intloivscencos. 1>, 'l wo whorls (x 2), consisting of 

numerous, a.aopctally-phicr.l whorls, each of which hears above the spirally-arranged male 
flowers a whorl of (funetionless) female Itowers. (.\ nat. si/e.) h t Whorls of flowers (x 2). 


genera, though they are as yet only known to effect pollination in the case of 
Ephedra campy lopoda. On the development of the sexual generation cf. p. 581. 


Fossil Gymnosperms ( 20 ) 

According to I). II. Scott the most ancient seed-plants are those known from 
the Devonian ; they attained great importance in the Carboniferous period. 
To the former period belong the fossil trees from Oilboa in the State ot Kow York. 
The stems measure about 1 m. in diameter ; portions with the bases of the compound 
leaves still attached are known. The seeds, enclosed in a cupuleTiko structure, 
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are borne in pairs at the ends of slender forked brandies. Two species of the 
genus, which is known as Eosper matopte rim , are distinguished. Aneurophylon 
elberfeldense of similar habit is described by Krausel and Weyland from the 
Middle Devonian of Elberfeld. Palaeopitys Milleri , which has been regarded as 



Fin. 633. — 1 , Cordaites mbglomeratus, longitudinal section of a limit? ilmvu - bml ; b , investing 
bracts ; a, stamens with several anthers. 2, A pollen-grain ; the prothallial cell is separated 
by a curved wall while the rest of the grain is divided into a number of cells. 3, C. WilHamsoni, 
longitudinal section of a female inflorescence ; h , leaves; s, seed in longitudinal section. 
4, C. Grand' Kuryi, longitudinal section of an ovule, showing the deep pollen-chamber in the 
nucellus containing a number of pollen-grains. (After Kenaui.t.) 


the wood of a “coniferous tree ” from the Middle Old Red Sandstone of Scotland, 
has been recently re-investigated by Kidston and Lang. 

The oldest seed-plant so far discovered may perhaps be Cladoxylon scoparium , 
described by KraOsel and Weyland. The stems of this bore spirally arranged 
leaves which attained a length of 18 mm. and were deeply incised or dichotomously 
divided. The sporophylls were fan-shaped with a deeply lobed margin. Each 
lobe appears to have borne a single spherical sporangium. Callixylon, from the 
Upper Devonian of Russia and North America, lias as highly organised secondary 
wood as existing Conifers and has thus completely Gymnospermous characters. 
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From the Cycado Alices, stems with secondary growth in thickness and with 
fern-like foliage which have hitherto always been classed with the Pteridophyta, 
Oliver and Scott have separated the Pteridospermae ; these may be briefly 
characterised as fern -like seed-plants. They have been dealt with at the end of 
the Pteridophyta (p. 537). 

Cordaitaceae. — Cordaites is a peculiar type confined to the Palaeozoic rocks. 
Owing to the excellence of the preservation of the remains, its morphology is as 
well known as that of the existing Gymnosperms. The Cordaitaceae were lofty, 
branched trees with linear or broad and lobed leaves with parallel venation. 
Their flowers differ considerably from those of recent Gymnosperms. The 
male and female flowers are borne on spike -like axillary inflorescences. The 



Fiu. 034. — Reconstruction of the longitudinal section of the flower of Cycadeoidca (Bennettites) 
in'jrns. (From Scott after Wieland.) 


female flower consists of a single atropous ovule with some bracteoles at 
its base ; these resemble the vegetative foliage -leaves (Fig. 633). At the 
summit of the nucellus is a deeply sunken pollen-chamber in which pollen-grains 
are often met with (4, p). The male flowers terminate small shoots that are 
surrounded by a number of sterile bracts and at the summit produce a number 
of stamens, each of which has 2-4 anthers (Fig. 633, 1). An important fact 
as bearing on the phylogeny of the g-oup is the presence of a male prothallus 
as a small multicellular body (2). The ovules and seeds show great structural 
agreement with those of Cycas. While some less common fossils ( Cycadites , 
Dicranophyllum) may be placed in the same group, Coid<rit<$ is the most richly 
represented type of Gymnosperm found in the Carboniferous rocks. Undoubted 
Cycadophyta make their appearance in the lower Rothliegende. 

The Cordaiteae disappear in the lower Mesozoic strata. The Gymnosperm 
flora can be followed through the Trias, in which it consisted of extinct types 
of Cycadophyta, Ginkgoineae, and Coniferae, to the Jurassic period. In the 
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latter it attained a great development in that both the Ginkgoineae and the 
Cycadophyta attained their maximum. 

Bennettit&ce&e. — Scott has given an account of the appearance and the 
high degree of organisation attained by the Mesozoic Cycadophyta, from the 
knowledge obtained by Wi eland’s study of the abundant material found in North 
America. The name Cycadcoidcci proposed by the American author is synony- 
mous with Bennettites ; fruits derived from the hermaphrodite flowers were 
already imperfectly known from European strata under the latter name. The 
short and sometimes branched stems resembled recent Cycads in their appearance 
which were hermaphrodite and 12 cm. in length. 
A hundred or more spirally arranged perianth 
leaves surrounded a whorl of 18-20 microsporophylls, 
which were united at the base to form a deep cup, 
in the centre of which the gynaeceum arose (Fig. 
634). The pinnate microsporophylls, 10 cm. in 
length, resemble the leaves of Ferns, and the 
microsporangia resemble the sporangia of the 
Marattiaceae. The gynaeceum consists of numerous 
long-stalked, atropous ovules which are surrounded 
and separated by scale-leaves : the micropyles, 
however, open freely on the exterior. The ripe 
seeds contained a highly developed dicotyledonous 
embryo and had no endosperm. They were 
protected and enclosed by the closely crowded outer 
ends of the scale-leaves (Fig. 635). Just as the 
Palaeozoic Pteridosperms combine the characters 
of Ferns and Gymnosperms, the flowers of the 
Mesozoic Bennettites or Cycadcoidea show T a com- 
bination of characters of Angiosperms, Gymno- 
sperms, and Ferns. 

True Araucarieae appear in the Jurassic. In the 
Wealden, Cycadineae and Ginkgoineae along with some Coniferae were dominant 
among the Gymnosperms. On passing to the Cretaceous strata the ancient types are 
found to be reduced, while the Coniferae become more numerous. Among the latter 
appear existing genera ( Dammara , Sequoia , Pinus, Cedrus, Abies , Callilris, etc.). 
The Taxaceae also appear to be represented, but the remains are of uncertain affinity. 

The Tertiary Gymnosperms belong entirely to existing types and for the 
most part to existing species. The Coniferae are dominant ; the Ginkgoineae 
are represented only by Ginkgo biloba , but this occurred in Europe along with 
other species now limited to Eastern Asia or North America ( Crypiomeria 
japonic# t Taxodium distichum , Sequoia gigantea, S. sempervirens , Pinus Strobus, 
etc.). One Cycadaceous plant ( Encephalartos ) is also known. 


and foliage and bore flowers 



Fiq. 635. — Longitudinal section 
of a fruit of Bennettites Gibson- 
ianus. (After Scott.) 


Class II 

Angiospermae 

1. Derivation of the Angiospermae from the Gymnospermae ( 21,22 ) 

The derivation of the Angiosperms from the Gymnosperms is one 
of the most difficult questions which it is necessary to consider here. 
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In 1923, when the preceding German edition of this text-book was published, 
the serodiagnostic method of Mkz and his botanical school was so far developed as 
to inspire the hope that it would result in an objective demonstration of the 
relationships of plants. The methods frequently employed in medical juris- 
prudence are based on the fact that morphologically related organisms will also 
show a chemical relationship of their albumens ; this is seen, for instance, by a 
comparison of human blood with that of the anthropoid apes. It would follow 
from this that the expressed sap of related plants should give the same reaction 
when injected into the blood-vessels of the animals used in this type of investiga- 
tion. Conclusions may then be drawn as to the degree of relationship of plants 
from the greater or less agreement of their protein-reactions. It must, however, 
be premised for such conclusions to be sound that it is the reaction of the specific 
proteids (i.e. those characteristic of the species, genus, or family) which is being 
obtained, and not that of the reserve proteid substances, which can hardly be 
expected to show such differences for each species, etc. 

The results of these methods, expressed in a large “Konigsberg phylogenetic tree,” 
have in the interval been tested from various sides as Mez himself had desired. 
These tests and critical examinations, among which those of R. von Weti stein 
( 2 “) appear to be the most important, while fully recognising the value of a new 
method of investigation, are seriously critical of the results so far obtained. 
There is no sufficient proof that the specific proteid substances are being employed 
in determining the relationships. Since this condition, the necessity of which 
has been referred to above, is not fulfilled or is only satisfied in some cases, the 
serodiagnostic method cannot be employed with certainty as the basis for a 
systematic arrangement. It will therefore be abandoned for this purpose here, 
though particular results will be taken account of where they agree with the 
conclusions obtained by the usual methods of systematic botany. 

Further attempts to determine the origin of the Angiosperms by methods of 
comparative morphology may now be considered. The view of Wettstein ( j ) 
may in the first place be mentioned, that the flowers of Casuarina , regarded as 
the simplest angiospermic flower, may be connected with the inflorescence of 
Ephedra (Fig. 629). The male flower of Casuarina is derived from the male 
inflorescence of Ephedra in this way : the bracts give rise to the perigone ; the 
bilocular anthers become united in pairs to give rise to quadrilocular stamens ; 
an assumed increase in number of the stamens results in an arrangement in 
alternating whorls ; and the formation of a corolla comes about by the trans- 
formation of stamens to petaloid staininodes. In a similar fashion the trans- 
formation of the 9 inflorescence of Ephedra into a female flower is pictured. 

Further, the discovery of a species of Ephedra the 6 inflorescence of which 
regularly terminates with some 9 flowers opens the possibility of arriving at a 
hermaphrodite angiospermic flower. Since insects are known to be attracted by 
the drop of liquid secreted at the micropyle, an entomophilous, hermaphrodite 
angiosperm flower, rendered conspicuous by the bright yellow anthers, would 
result. This transition is morphologically possible and ecologically compre- 
hensible ; it loads to the Verticillatae (cf. the survey on p. 622), and through 

them to the Fagales. The further development from these forms is, however, 

a matter of difficulty. Support is sought for this line of transition from the 
occurrence of chalazogamy (cf. p. 587) and similar phenomena in the Fagales and 
associated families. 

It can bo objected to this theory that the families of Angiosperms assumed by 
Wettstein to be lowest are not primitive, but reduced, and that other groups such 
as the Polycarpicae seem to stand much closer in floral construction to the Gymno- 
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sperms. The peculiar course of the pollen-tubes is met with in other groups, 
such as the Rosales ; Murbeck f 23 ) has observed this in Alchemilla a rvensis , and 
he concludes that we are concerned with a physiological peculiarity without 
phylogenetic significance, since the pollen-tube always can grow through the 
tissues of the style. 

The relative primitlveness of the Polycarpicae was first maintained by 
Hallier ( 23 ) in a number of papers. Arber and Parkin take the same view 
and Diels f 23 ) has brought forward evidence in its support. More recently S. 
Hutchinson p) concurs in the derivation of the Angiosperms from the Poly- 
carpicae. Serological investigation leads to the same result. 

The following characters of the Polycarpicae support this view ; the spiral 
arrangement of the numerous floral members on an elongated or broadened 
( Calycanthus ) floral axis ; apocarpous carpels ; actinomorphic flowers, from which 
zygomorpliic forms may be derived. A sharp distinction between calyx and 



Fig. 036 .—Gnetum Gnemon. a, stamens ; 
b, bracts ; /. carpels. 


corolla may be wanting ; the capacity of plastic 
transformation of stamens into staminodes or 
petals is present ; woody plants still without 
vessels are met with. Entomophily, with 
Coleoptera as the floral visitors as in Encepha - 
lartos, is found in Eupomatia and Calycanthus. 

Just as Wettstein attempted to derive the 
Verticillatae and Fagales, which ho regards as 
the lowest Angiosperms, from Ephedra , on this 
alternative view the Polycarpicae are compared 
with Gnetum (cf. Fig. 632 and its explanation). 
That the Bennettitaceae do not come into the 
comparison as was the opinion of Arber and 
Parkin ( <23 ) has already been pointed out by 
Karsten t 23 ), and Thompson ( >23 ), though he is 
arguing for a derivation from the Amentiferae, 
comes to the same conclusion. The spiral 
arrangement of the 6 flowers is seen in Fig. 
636, which represents a male inflorescence of 
Gnetum Gnemon , consisting of only one whorl ; 


above the circle of 9 flowers (cf. Fig. 632) the structure ends, as was shown 
by Strasburger, with a terminal female flower. The presumably fertile 
female flowers have a perigone and two integuments, the inner of which projects 
and excretes a drop of fluid to catch the pollen ; this fluid has a sweet taste 
and is eagerly sought by ants, etc. Thompson states that the pollen-grains 
frequently do not reach the tip of the nucellus but are retained in a dilatation of 
the micropylar tube ; since they here germinate he regards this as a further 
approach to the relations found in an angiosperrnic flower. The decussate bracts 
are approximated to one another beneath tho inflorescence. The main difficulties 
concern the male flowers, each of which has its perigone and an anther with two 


thecae ; the origin of an anther with four thecae might come about by the develop- 
ment of a septum in each loculus. If the origin of an angiosperrnic flower from 
such a whorl of flowers is pictured, the bracts would necessarily be supposed to 


enlarge as the protective organs of the flower (calyx or perigone), and thus be 
closed together in the bud. The result of this would be that the individual 
perianths of the male flowers would no longer be necessary, and (on the analogy 
of the reduction of the seed-coat in a drupe when the function of protection 


is taken over by the hard layer of the pericarp, cf. p. 592) would be gradually 
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reduced and ultimately disappear. Strasburger has shown that the perianth of 
the female flowers may be regarded as an investment of the ovule, i.e. a carpel. In 
this way the condition of an entoniopliilous hermaphrodite flower with apocarpous 
carpels, such as is found in the Polycarpicae, could be attained. 

It appears as if this line of derivation of the flower presents no greater diffi- 
culties than that of the Verticillatae from the inflorescence of Ephedra. 



If the attempt is made to derive the various families from the Poly- 
carpicae, the Monocotyledons ( 23a ), 
and in particular the Helobiae, can 
be connected directly to the Nym- 
pheaceae and Ranunculaceae by 
reason of their floral organisation, 
anatomical structure, and other char- 
acters. This is the usual assumption. 

The arrangement would take the 
form represented in the scheme on 
p. 622. The Polycarpicae, according 
to Hutchinson ( 23 ), are divided into 
the woody forms, the Magnoliales, 
and the more herbaceous series, the 
Ranales. The reduced series are 
here derived from the Magnoliales, 
passing by the Hamamelidales and 
Oentrospermae back to the Fagales 
(Verticillatae). Returning then to 
the Ranales, an ascending line can be 
followed from the Rhoeadales to the 
Myrtales. The derivation from the 
Polycarpicae of the Euphorbiales is 
more questionable ; from the latter 
group the Columniferae and the 
Gruinales can be derived, and they in turn lead to the main body of 
the Syrapetalae. 


Fig. 037. — Leaf of Crataegus with reticulate 
venation. nat. size. After Noll.) 


Sub-Class I 

Dicotylae 

The Dicotyledons with few exceptions possess a pair of seed- 
leaves. (Germination, cf. p. 80; stem and root, of. p. 124.) They 
have secondary growth in thickness (cf. p. 133b 

The typical form of leaf found among Dicotyledons is provided 
with a longer or shorter petiole, and often lias a pair of stipules 
developed from the leaf-base ; a leaf-sheath is usually absent (excep- 
tion, Umbelliferae). The lamina may be simple or compound. The 
margin of the leaf presents considerable variety. The venation is 
as a rule reticulate (Fig. 637). 



Series and Families of Ang-iosperms in their probable Phylogrenetie Relations 
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The flowers in Dicotyledons are typically pentamerous and penta- 
cyclic, but there are numerous exceptions to this. The floral formula 
in the most regularly constructed representatives is K5, C5, A5 + 5, 
G5. 

A. Choripetalae 
(Petals not coherent) 

Order 1. Polyearpieae 

Hermaphrodite, usually brightly coloured flowers, with an elongated 



Fio. 038. — Myristirn fwijrnns. /, Twig with malt* flowers nat. si/e). ltipc peoauloiis fruit, 
opening. 3, Fruit, after removal of one-half of tie* p«*riearp, showing the dark brown seed 
surrounded by the ruptured arillus (Mace). Kermd lived from the seed -coat. 

receptacle on which the free perianth-segments, the stamens and the 
apocarpous carpels are spirally arranged ; the carpels are indefinite in 
number and may be very numerous. The separation of calyx and 
corolla is frequently indistinct, and in some cases (V.//. Calw'anthus) 
even the foliage-leaves pass with their spiral arrangement into the 
bracts of the flower. The stamens have frequently a leaf-like form 
with the connective continued beyond tiie anthers, or forming a leafy 
expansion. The stigma terminates the carpel without a definite style. 
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Pollination by means of insects (in some primitive forms by beetles) is 
general. 

It is only possible to deal here with the most important forms. 

The various families of Polycarpicae, although they frequently do not exhibit 
all the distinguishing characteristics, are phylogenetically connected ; this is seio- 
logically confirmed. They fall into two sub-orders which are distinguished by 
Hutchinson as the Magnoliales and Ranales. The Magnoliales are nearly all woody 
plants, the more simply constructed flowers of which (Myristicaceae, Calycanthaceae, 
Lauraceae, Aristolochiaceae) are less highly organised than the flow-ers of the 
Ranales ; in the latter they are usually brightly coloured and with a differentiation 
into calyx and corolla. The Magnoliales are further characterised by possessing 
ceils with ethereal oils. Their lover position is indicated also by the primitive 
type of wood of some forms from w liieh vessels are absent. {Drimys ( 2JJ ), cf. p. 143.) 


Sub-Order 1. Magnoliales 

Family 1. Magnoliaceae. — The plants of this family are all woods with large 
terminal flowers. The perianth - h\i\ es, without distinction into sepals and 

petals, the numerous stamens, and the apocarpous 
carpels are all spirally arranged in ascending order 
on the elongated floral axis. The stigma ter- 
minates the carpel without intervening style. Oil- 
cells in the stem and leaves. Pollen-grains witli 
one germ- pore. Drimys and Zygogynum have 
wood without vessels, like the Coniferae. Mag- 
nolia and Liriodendron (Tulip tree) are frequently 
cultivated. 

Uiiu i \ i -Star-anise, obtained from flhmnii 
mum, vndds OLEUM ANisi. The fruits of Win tan 
rclujiosum (Japan) aro poisonous. 

Family 2. Anonaceae. — Woody plants ot the 
tropics, with spirally arranged stamens and apocarpous gynaeceum ; seeds with 
ruminated endosperm. 

Family 3. Myristicaceae. — Resembles the preceding family, but the dioecious 
flowers are moie simply constructed (Figs. 638, 639). 

Official. — Myristica, Nutmeg. The seed of Myristica fragrans divested of 
its testa yields oleum myiusticae. 

Family 4. Calycanthaceae. — These plants show a continuous .sequence from 
the foliage leaves to the numerous free perianth-leaves, stamens, and carpels borne 
on the depressed floial axis. 

Family 5. Lauraceae. — Flower also composed ol niinerous vhoil.s, peii.mtli 
3 + 3; stamens 3 + 3. The three stigmas of tin* Mirgh , one-seeded pistil mdh.de 
its origin from three coherent carpels. Flint, .i lxiiv <>i dm pc. Antheis v.ilvate. 
Aromatic trees or shrubs with entire leatluiv haves, which usiiallv persist lor 
several seasons. Only Sassafras (Fig. 613,, wln<h lias throe-lobed leaves us well 
as simple ones, sheds its foliage annually Linirus nohilis , the Laurel, is a 
dioecious, cvergieeii tn-e of the Mediteiiam-.in region (Figs 610 6 lib Luge 

plantations are giown at tin* Lake of (l.uda, when* the oil l- e\h u ted, and hen* 
the tree-, 11 pell t liell oval, hlaekl-ll blue djlljxs JO <><*tolni. The < '/ // // // - 

momum includes a numhei of economically impoitant tiees such as the Camphor 



Fie. cs < ’ transverse 

se< r /a, Seed- 

eo.it, «?/</, fi'Uospei in ; peri- 
sperm 



nis nnliHs with male 
(! Mat. size.) 


'I.uurtis mbilis with fruits 
tj nat. size.) 


Fio. 641.— 
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tree from Japan and China and the Cinnamon tree from China and Ceylon. The 
latter is a stately evergreen with smooth, leathery leaves and inconspicuous, 
greenish flowers in axillary inflorescences. Persea gratissima (Fig. 642) is a native 
of tropical Mexico, and is frequently cultivated as a fruit tree in the tropics. Its 
fruit is known as the Avocado Pear. Species of Cassytha , the only genus of the 
family including herbaceous species, occur throughout the tropics as parasites 
resembling Cuscuta. 

Official. — C amphora, Camphor, is obtained from Cinnamomum Camphora. 
Cinnamomi cortex and oleum cinnamomi from Cinnamomum Zeylanicum. 
Cinnamomum Oliveri yields oliveri cortex. 

Family 6. Aristolochiaceae. — The zygomorpliic flowers (Fig. 568) have a 
simple coherent perianth and the androecium and gynaeceum united to form a 
gynostemium. Official. — AriUolochia serpentaria, A. reticulata yield serpent- 
aria e rhizoma. 

The parasitic Rafflesiaceae ( 24 ) and the insectivorous families of the Cephalot- 

aceae, Sarraceniaceae, and Nepenthaceae 
may best be placed with the Aristolochiaceae 
in the Polycarpicae. 

Order 2. Hamamelidales (“) 

This includes the two Families Hama- 
melidaceae and Platanaceae. — Woody plants, 
with stipulate leaves. Flowers as a rule 
inconspicuous, without perianth and anemo- 
philous. Conspicuous, entomophilous flowers 
with a simple or, more rarely, double perianth 
also occur. Two carpels. 

Official. — Styrax praeparatus from Liquidambar oricntalis. Hamamelilus 
cortex and folia from Hamamclis virginiana. 

Platanus orientalis and P. occidentalis are commonly planted as shade-trees by 
the sides of streets. 

On the affinities of this order see Hallier ( 2r> ) who regard these 
plants as an important connecting link between the Gymnosperms 
and the Polycarpicae. 



Fig. 642.— Floral diagram of Persea . 
(After Eichler.) 


Order 3. Centrospermae 

Herbaceous plants with as a rule hermaphrodite flowers which 
have a perianth of two whorls, the corolla being coloured. The 
campy lotropous ovules and as a rule the free-central placentatiori are 
characteristic. This agrees with the connection with the Primulales 
which is indicated serologically. 

Family 1. Caryophyllaceae. — Herbs, with simple, linear, usually 
opposite leaves ; flowers typically pentamerous, with calyx and corolla. 
Two whorls of stamens, obdiplostemonous. Unilocular or incompletely 
septate ovary. K 5, C 5, A 5 + 5, G (6) (Fig. 645). Fruit, a capsule. 
Seeds numerous, embryo curved around the floury perisperm. The 
number of carpels ranges from 2 to 5. 
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Ccrastium and Stellaria have white flowers and bifid petals, and are conspicuous, 
early-flowering forms. Species of Dianthus , Pinks, have frequently attractive 
colours and scent, and occur in dry, sunny situations. Agrostemma Githago 
(Fig. 646), Corn-cockle, is a hairy plant with pink flowers. It is a common weed 



Fig. 643. — Sassafras officinale. (£ nat. size. After Berg and Schmidt.) I, Male inflorescences on 
a still leafless branch. 2, Fruits on a leafy shoot. 3, Male flower. 4, Female flower. 5, 6*, 
Closed stamens of the two outer whorls. 7, Opened stamen of the innermost whorl. 8, Ovary 
showing the style and the ovule. 

in corn-fields : its seeds are poisonous. Saponaria 'officinalis is a herb attaining the 
height of a metre, with opposite, broad leaves and rose-coloured flowers. The 
saponin contained in all parts of the plant renders it poisonous (Fig. 644). 

Family 2. Chenopodiaceae. — Herbs, rarely small woody plants, 
with alternate leaves. Flowers typically pentamerous, with a single 
whorl in both perigone and androecium ; P 5, A 5, G (2-5). Stamens 
opposite the perianth -leaves. Reduced, unisexual flowers are not 
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infrequent. The unilocular ovary contains a basal, campylotropous 
ovule. Fruit, a nut. Seed with a curved embryo. 

This family exhibits reduction in its usually colourless perianth. 

Many of the Chenopodiaceae are strand- plants ( Salicornia, cf. p. 161, Fig. 188), 
or occur on soils containing a large amount of salt, such as the great Asiatic salt 

steppes and deserts. The 
Spinach ( Spinacia oleracea) 
and the Summer Spinach 
( S . glabra) are used as veget- 
ables. The Sugar Beet (Beta 
vulgaris, var. rapa ) is a plant 
of great economic importance. 
It is a biennial plant, and 
in the first season forms a 
thick, swollen root bearing a 
bud consisting of a number of 
thick-stalked, entire, succu- 
lent, and often crisped leaves. 
From this rosette of leaves 
there springs in the second 
season a highly branched 
panicle, bearing the incon- 
spicuous greenish flowers. 
Ovary formed of three carpels. 
At the end of the first season 
the root contains cane-sugar 
as a reserve-material, which 
at this stage is extracted 
from the plant. By constant 
selection the percentage of 
sugar is raised from 7-8% to 
an average of If) %. The 
original form of the Sugar 
Beet is Beta patula. Cheno- 
podium and A triplex are 
common weeds near human 
dwellings. 

The two following families 
are greatly reduced as an 
adaptation to adverse con- 
ditions of life. 

Fio. U4 4. — Saponarkt officinalis (J nat. size). Voisosovs. Family 3. Aizoaceae. 

* Mcse mhri/a nl he mu m ; per- 

ennial herbaceous xeromorphic plants with succulent, leaves. Flowers herma- 
phrodite ; with a polypetalous corolla derived from modified stamens. Stamens 
numerous. Carpels 2- oo ; united to form the hygroscopic capsule. South African. 
The genus includes plants which “mimic” pebbles, e.g. Mesc7nhiiia.nl he mum 
truncatellum , M. pseudo-truneatellum , M. Bohtsii , M. calcareum , etc. ( 26 j. 

Family 4. Cactaceae. — For the most part leafless plants with succulent stems, 
natives of America. In size they range from very small to gigantic forms. Flowers 
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hermaphrodite, actinomorphic, less commonly dorsiventral. Perianth of many 
members, spirally arranged and showing a gradual transition from the calyx to the 
corolla. Stamens and carpels numerous. Ovary inferior, unilocular, with numerous 
parietal placentas. Ovules with long stalks. Fruit, a berry, the succulent tissue 
being largely derived from the stalks of the seeds. Closely related by floral 
structure and anatomy to the Aizoaceae. 

Only Pcireskia and some species of Opuntia possess leaves. Other species of 
Opuntia have flattened branches (Fig. 190). Cereus (Fig. 194), Echinocactus , etc., 
with longitudinal ridges on the stem ; Mamillaria has free projections (mamillae). 
The numerous groups of spines on the shoots, ribs, or separate mamillae correspond 


Fio. 647. — Cereus geometrizam. Two of the ribs or 1 10.648. Leaf of Polygonum amplexi- 
ridges of a flve-ribbed stem bearing flowers and fruits caule showing the ochrea, st 

(| nat. size). na *" 8 i ze )* 

to axillary shoots, the subtending leaves of which are reduced, while the leaves 
of the expanded axis of the axillary shoot are metamorphosed into spines (Fig. 647). 

Cactaceae form a dominant constituent of the vegetation in the dry south- 
western regions of the United States, in Mexico, and in the Andes of South America. 
A similar habit is found in some Euphorbiaceae and Asclepiadaceae living under 
corresponding climatic conditions (cf. p. 165 Convergence). There are numerous 
epiphytic Cactaceae, especially species of Rhipsalis , Epiphyllum, and Phyllocactus. 
Opuntia ficus indica has become naturalised in the Mediterranean region. The 
fruits of this species and of others of the genus are edible, and the plants are 
cultivated as fruit-trees. Some Cactaceae, such as Anhalonium , contain highly 
poisonous alkaloids and saponin. The Cochineal insect is grown upon species of 
Opuntia and Nopalea {N. coccinellifera). 
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Order 4. Polygonales (® 7 ) 

Family 1 . Polygonaceae. — For the most part perennial herbs, with hollow 
stems swollen at the nodes, and alternate, simple leaves. The membranous 
stipules of the latter are coherent to form a sheath or ochrea protecting the 
terminal bud ; when broken through by the growth of the stem, this remains as a 
tubular sheath around the lower part of the internode (Fig. 648). Perianth simple, 
usually colourless ; ovules atropous. 

Mainly natives of the North Temperate zone. 

Genera. — Rheum , Rhubarb. This is an East Asiatic genus, originating from 
the mountains of China, with large, radical leaves and a large, spreading, paniculate 
inflorescence. Leaves simple, eordate-reniform, with palmate venation, sometimes 
more or less lobed. The flower has a perigone of two similar whorls, and two 
whorls of stamens, the outer whorl being double by chorisis ; P 3 + 3, A 6 + 3, G (3). 
Nectar for visiting insects is secreted by the large scales of the disc. The 



Fio. 649.— Rheum officinal''. A , Flower; />*, the .same cut through longitudinally; gynaeeeum 
with disc. Jihcum ctmjvvhi.m : 1), fruit. (After 1J : rs«kx. magnified.) 


triangular ovary becomes winged as it develops into the fruit (Fig. 649 Z>). Species 
of Rheum are cultivated as ornamental plants and as vegetables. Rumex acetosa , 
Sorrel, with sagittate leaves. The structure of the flowers of the hermaphrodite 
species of Rnmex is similar to that of Rheum , but the inner whorl of stamens is 
wanting. On parthenogenesis in Rumex, cf. Roth ( 27 ). The species of Polygonum 
have a perigone consisting of five coloured leaves and a varying number of stamens. 
The triangular fruits o [' Fagopyrum cseulentum form Buckwheat (Fig. 608 B ). 

Official, — Rheum officinale, Rh. palmatum , and probably other species yield 
llHEI 1UIIZOMA. 


Order *. Piperales 

Single Family. Piperaceae. — The genus Piper is important. Flowers as a rule 
unisexual and without perianth, associated in spikes ; typically trimerous but 
usually reduced. Ovary unilocular, ovule solitary, basal and atropous. Fruit 
drupe- like. The embryo is embedded in a small endosperm surrounded by a well- 
developed perispenu. The vascular bundles are scattered in the cross-section of 
the stem resembling the arrangement in Monocotyledons but with secondary 
thickening. 

Piper nigrum , from which the Peppers are derived, is the most important 

2 S 2 
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representative. This is a root-climber, native to the Malayan region, but now 
cultivated throughout the tropics (Fig. 650). The unripe fruits provide black 
pepper, while white pepper is obtained from the ripe fruits after removal of the 
outer layers of the pericarp. Peperomia (®), tropical shade-plants and epiphytes. 

Official. — Piper cubeba (Fig. 651) is a native of Java and is distinguished by 
the stalk-like base of the fruit from that of the Black Pepper. It provides 



(Tbebae FJiuoTUs, oi,i' rM cubkbae, TiNCTURA cubebaf. Piper Betle yield" 1’>I II 1 
Piper methystiatm yields kavae iiiiizoma. 


Order 6. Santalales (®) 

Family 1 . Santalaceae. — Green plants growing in the soil and partially 
parasitic on the roots of other plants from which their haustoria obtain nutrient 
materials. In Britain, Thesium . 

Official. — Santalum album , the wood of which when distilled yields oleum 

SANTA LI. 
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Family 2. Loranthaceae. — Leafy semi- parasitic shrubs, living on the branches 
of trees. They are most abundant 
in the tropics, and, for instance in 
South America, add to the beauty of 
the forest by their brightly coloured, 
ornithophilous flowers. 

Loranthus europiums, on Oaks in 1 
Europe. In Britain Viscum album 
(Fig. 652), the Mistletoe, occurs as 
an evergreen parasite on a number of 
trees. It has opposite, obovate 
leaves. Stem .swollen at the nodes. 

The white berries are distributed by 
birds. The sucker, without a root- 
cap, emerging from the seed pene- 
trates the cortex of the host to the 
wood, into which it cannot grow, t 
Its tip becomes embedded in the 
new wood formed by the cambium of 
the host. Further growth in length 
of the sucker is effected by a zone corresponding in position to the cambium of 


.. •;:>!. I‘i]»r fifolm. Infrueteseencc ; h, a 
male flower ; <*, a female flower in longitudinal 
section; d, fruit in longitudinal section. (After 
Berg and Schmidt.) 


With flow. >rs :md fruit 


the host. Reduction m relation to parasitism is seen in all tin- genera and species. 
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Order 7. Urtieales 

Plants with usually diclinous small flowers closely aggregated in 
the inflorescence. Stamens equal in number to the leaves of the 



Flu. 003.— linin', uiiiijintris (5 nat. sue). /, Blanch with (lowers. 2, Branch with ft mis. 

3, Sin-li flower, • nlai«**<I. 

perigone and superposed on the latter. Ovary superior, composed of 
one or two carpels, usually unilocular, and containing a single, 
pendulous ovule. Fruit, a nut or drupe. Seeds usually containing 
endosperm. 

Family 1 . Ulmaceae. — Ulmus campestris (Fig. 653), the Elm, is a common 
European tree. The arrangement of the leaves on the sides of the twigs in two 
rows and the corresponding branching leads to the leaf-surface exposed on each 
lateral branch making a definite angle with the main branch and composing the 
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regular convex crown of foliage exhibited by older examples. The leaves are 
always asymmetrical. The flowers stand in groups in the axils of the leaves of 
the previous year ; they are hermaphrodite or, by abortion, unisexual. The 
stamens are straight in the bud. The tree flowers in February or March, and 
the fruits ripen before the leaves expand. The fruits are broadly winged and 
adapted to be carried by the wind. U. montana , U. effusa are closely related forms. 
Several species of Celtis , in which the fruit is a drupe, are in cultivation. 


Family 2. Mopaceae. — The majority are trees or shrubs with 
abundant latex. Leaves alternate, stipules caducous. Flowers uni- 
sexual, in globular or disc-shaped inflorescences ; mostly tetramerous. 



Fio. 654 . — Ficus hengaJensis in the Botanic Garden at Buitenzorg. 

Important Representatives.— In addition to the Mulberry trees, of which 
Morus alba is cultivated for the rearing of Silk worms ami M. nigra (Fig. 611 B) 
as a fruit-tree, the genus Ficus deserves special mention. The species occurring 
farthest north is the Common Fig( 30 ) (Ficus ca Hca, Fig. 563\ which is endemic to 
the Mediterranean region, and has l urn long cultivated. It is a low tree with 
palmately incised leaves and stipules, which form a cap-like protection to the bud. 
The inflorescences are hollow, pitcher-shaped structures with a narrow opening. 
The flowers are borne closely crowded together on the inner surface. The flat, 
disc-shaped inflorescences of Dorsfenia which bear the flowers on the upper surface 
are in many respects corresponding structures. On the distribution of the 
fruitlets cf. Goebel ( :n ). On the pollination of the Fig of. p. 568, Fig. 563. The 
sweet, fleshy portion of the edible Fig is developed lYom the hollowed axis of the 
inflorescence together with the perigones of the individual flowers. The small, 
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hard, seed-like bodies are the fruits developed from the ovaries of the small 
flowers. Some species of Ficus are among the hugest trees of tropical forests. 
The most remarkable is the Banyan ( Ficus bengalensis), which occurs in the East 
Indies. The seeds, carried by fruit-eating birds, germinate on the branches of 
trees, where the plant develops as an epiphyte. The proper form of the tree is 
ouly seen, however, after the roots have reached the soil, and it is no longer de- 
pendent on the scanty food-supply obtainable in the epiphytic position. The host- 
plant is gradually strangled, additional roots are sent down to the soil and thicken 
into pillar-like supports, and ultimately a small wood capable of sheltering an entire 
village is developed from the single small seedling (Fig. 654). The latex of Ficus 



Fi<; 6'»r> — II a /nut >i- hiptihis /, Male lnlloiescence ~ K«* ; n.il** lnlloie-.rencr I \\< i lemnle 
tioweis in Lheaxil ot a laact. 4, Cone-like lnltou >eences m Hint. (t nat size ) 

elnstica is obtained from the tree by making incisions in the bark, and serves as 
one source of india-rubber. Castilloa clastica is another important rubber- tree of 
Central America. The gigantic inflorescences of species of Artocarpvs when in fruit 
are eaten raw or cooked, and form the Bread-fruit of the tropic*. 

Family 3. Cannabinaceae. — Humulits lupulus , the Hop ( i2 ") f is a native 
of Central Europe ; it has a perennial rhizome, which annually produces a crop of 
twining shoots (Fig. 655). The stem and opposite leaves bear coarse hairs, and the 
former bears hooked prickles which prevent it slipping down the support. The 
male flowers of this dioecious plant are pen tain erous, with straight stamens and 
grouped in dichasia, the central branches of which aie capable ot furt her grow th 
The branches of the female inflorescence are catkin-like, the .se.de* being formed 
of the pairs of stipules belonging to bracts, the laminae of which arc suppressed. 
The axillary shoot of the bract is also suppiessed, but each stipule lias two llowcis 
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in its axil ; each flower is enclosed by its own bract. These bracts project beyond 
the stipules when the inflorescence is mature, and give the latter its cone-like 
appearance. Upon them are developed the glandular 
hairs on account of which the Hop is cultivated. 

Cannabis saliva , Indian Hemp, is an annual herb 
with palmately divided, hairy leaves. The plant is 
utilised in Europe for its bast fibres, which are from 
one to several centimetres long. The glandular hairs 
which cover all parts of the female inflorescence 
secrete a sticky resinous substance which is used 
medicinally. In the East it is used in the preparation 
of a narcotic called Hashish. 

Official. — Cannabis saliva provides cannabis 
indica. 


Fio. 656.— Salix viminalis. A, 
Flowering male twig(nat. si/e). 
Ji, Male flower with subtending 
bract (magnified). C, Female 

inllon'SHMMv. /»■/•', Female 
flowers (magnilied). F, Fruit 


(nat. size). The saute mag- Fio. 657. — Fopuhis niartu 1 , Male inflorescence. 2, Female 
nitied. //, Seed (mugnitmd). iniloivseentv. Male flower. 7, Female flower. Fruit. 
(After Schimper.) Seed. (/, 2 , i| nat. size; enlarged.) 


Family 4. Urticaceae.— Perennial herbs. Leaves simple, stipulate. Flowers 
unisexual by suppression of parts, as a rule bimermis. P 2 + 2, A 2 + 2. Stamens 
indexed in the bud, and scattering the pollen when they suddenly straighten. 
Perianth of the female flower adherent. Ovary consisting of a single carpel, 
unilocular, with a basal, atropous ovule. The ripe fruits of species of Pilea and 
Elatostanma are forcibly dispersed by means of organs developed fromstaininodes ( 3l ). 

A number of the Urticaceae are characterised by the possession of stinging 
hairs (cf. Fig. 49). Some provide important fibres, especially Boehmeria nivea 
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from which Ramie fibre is obtained. Our native species of Urtica provided textile 
fibres in the times before cotton was discovered, and were again employed during 
the war. 

Order 8. Salicales 

Family Salicaceae. — Dioecious trees and shrubs with simple, alternate, stipu- 



Fio. 658. — Juglans regia. 1 , Branch with young leaves, male catkins, an<l at tin- t ip fi'iiiali* flowers. 
2, Male-flower. 3, Female flower. 4, Fruit with the outer lav'-r of the pericarp in part 
removed. (£ nat. size.) 

late leaves. Flowers in catkins greatly reduced. Ovary of two carpels, uni- 
locular. Fruit, a capsule containing numerous, parietal seeds. Seeds without 
endosperm. 

This family is mainly represented in the north temperate zone. Salix , Willow, 
and Populns, Poplar, are the only genera. Salix lias erect catkins and is adapted 
for pollination by insects ; in relation to this, nectar is secreted by small scales 
at ’the base of the flower. Male flowers scented ; pollen sticky. The number of 
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stamens varies from two to five in the different species. Bracts entire (Fig. 656). 
Willows occur commonly by the banks of streams. Some species are among the 
more abundant plants of high northern latitudes ; they have subterranean, creeping 
stems, only the young shoots projecting from the soil. Populus has anemophilous 
flowers ; disc cup-shaped ; no secretion of nectar. The long-stalked, roundish leaves 
of the Poplars give them a different habit from the Willows. Flowers similar to 
tho^e of Salix , but with 
divided bracts. Catkins 
pendulous (Fig. 657). 

Official.— Salicinum 
is obtained from the bark 
of species of Salix and 
Populus. 

Order 9. Juglandales 

Family Juglandaceae. 

— Conspicuous, monoecious 
trees of the northern hemi- 
sphere with impari pinnate, 



b 


Fio. G r .o. A hi h* <il a t ’ ini'.ii 1 >i.i- 
grains «>f t lif in.ilf aifl fiMinlt* t n m.n /, Branch with teinnnal male catkins 

Ho\\ri> Uiact )> , bract ft ik'b and torn i. . on small lateral brandies 9, Female 

-i rt a 0', a, 0,. (After tluuei A Male tlnwei Stamen A catkin m fnut. 

1 i' mi » k.) u, Fimt. (/ ami d, ^ ii.it si/e . and (, y entailed ) 

aromatic leaves arranged alternately. Stipules wanting. The reduced anemo- 
philous flowers are grouped in catkins. 

The Walnut, Jv giant regia (Fig. 658), is the best-known representative of the 
family. It is endemic m Western Asia, but the tree is in cultivation throughout 
Europe. In spring the axillary buds of the previous season produce long, thick, 
pendulous 6 catkins bearing numerous flowers. Each of the latter has 3-5 perianth- 
segmeiits, mid these, together with the two biucteoles aio adherent to the bract 
and suriouud the numerous stamens. The temale tloweis in smaller numbers are 
borne at the summit of the \oiing shoots The two carpels terminate in large, 
feathery, diverging stigmas. The pengoiie is adheient to the bract and braeteoles. 
The single loculus of the inferioi o\ ary encloses an atropuiis. basal mule Fimt, 
a drupe, developed alter chala/ogamous fertilisation (X w\ wins' s 1 The exocaip 
contains abundant tannin. Within the stone is the cnil>i\<>, uielosed m a thin 
seed-coat. The large cotyledon>, which contain oil, arc lobed m coircspondence 
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with the false septa that project from the inner surface of the ovary. Endosperm 
wanting. Other species of Juglans and Carya yield edible seeds and valuable 
timbers. 


Order 10. Fagales (*") 

Trees or shrubs usually with entire leaves and deciduous stipules. 



Fig. 661.— Carjnn »' l, Bianch with male catkins jeojecting from the buds of tin* pieced- 

ing year and Innate catkins on the giowth of tlm eiiinnt year. 2, Female catkin in tnut. 
S, Male flower. 4, Stamen, a, Bract with two female flowers. 6, Female flown. 7, Fruit. 
( 1 , Z,\7, § nat. size ; 3-6 enlarged.) 

Monoecious. Flowers greatly reduced, anemophilous, in catkins. 
Ovary inferior ; ovules pendulous, frequently chalazogamic. Fruit, a 
one-seeded nut. Endosperm wanting. This order includes most of 
our important forest-trees. 

Family 1 . Betulaceae. — Male flowers adherent to the bracts. Ovary bilocular, 
with two long stigmas ; a single, pendulous ovule in each loculus. Mainly 
distributed in the northern hemisphere. 

Most important Genera. — Alnus glutinosa , the Abler, is a prominent tree 
of damp woods, and is also distributed in swamps and by the banks of streams. 
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The inflorescences are already evident in the autumn as stalked catkins, the male 
long and pendulous, the female erect and short. Male flowers P4, A4 ; a dichasium 
of three flowers adherent to each bract (Figs. 560, 659). The female flowers are in 
pairs, their bracteoles adhering to the bract to form the five-lobed, persistent, 
woody scale of the cone. Alnus incana is distinguished by its leaves being grey 
and hairy below. The Alder has root-tubercles caused by bacteria which in 
symbiosis with their host-plant can assimilate free nitrogen. Betula verrucosa 
(Fig. 660), the Birch, has a white bark and long-stalked, triangular leaves. When 
young, all the parts are covered with numerous glandular hairs which give the 
plant an aromatic, resinous odour. The male inflorescences are formed in the 
autumn of the previous year, singly or a few together, at the tip of shoots of 
unlimited growth. Flowers P2, A2 ; in dichasia of three, adherent to the bract. 
Anthers deeply bifid (Fig. 660, 3, 4). Female inflorescences solitary, at the apex 
of si^all, ^short shoots of 

the male, from axillary ,, , 

, . r . rio. 66 % _\ — Quercus Aegilops. cp, cupula; gl, fruit. (Alter 

buds of the previous year, Dock autre.) 

either want leaves or are 

accompanied by one or two, the female are usually terminal. The bract of the 
male catkin bears 4-10 stamens, bifid to the base, but without bracteoles or 
perigone. Two female flowers in relation to each bract ; each flower with its 
special bract and pair of bracteoles. The three later unite to form a three-lobed 
involucre which serves as an aid to distribution of the fruit by the wind. Corylus 
avellaua, the Hazel, develops its inflorescences in the preceding year. The male 
catkins are freely exposed during the winter, while the female remain enclosed 
by the bud-scales, and only protrude their long red stigmas between the scales 
at the actual time of flowering. The male flower has no perianth but has a 
pair of bracteoles which are adherent to the bract, as are the four deeply bifid 
stamens. In the short female catkins ; two- flowered dichasium is present in the 
axil of each bract as in Carpinus ; the fringed involucre also is derived from 
the coherent bracteoles and special bract of eacli flower. Corylus tuLulosu from 
southern Europe. 


Fio. 662. —Quercus Aegilops. cp, cupula; jl, fruit. (After 
Duchartre.) 


Family 2. Cupuliferae. — Inflorescences in the leaf a xils, bearing 
male flowers provided with a perianth, and female flowers, one or 
more of w hich arc enclosed in a eupule (Fig. dfi I cy») ; this in Fa a it. < 
and Cast aura is formed of coherent bracteoles, while the eupule of 
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Quercus arises as an annular growth from the axis. (PliANTl- 

Troll) ( 33 ). 

Distributed chiefly in the temperate zones of the northern hemisphere, also in 
tropical Asia. 


Fig. G63 . — Fagvs sylruth-n. (§ nat.. size.) 7, Branch with male and I'einnh* iiifloivseoneos. Male 
flower. 3, Female flower. 4, Op**n eupule with two fruits, Fruit. d, 'I'rausverse section of 
a fruit showing the folded cotyledons <»f tin* embryo. (3, 3, 6, enlarged.) 

More important Species. — Fagus syhatica , the Beech (Fig. 663), is one of our 
most important deciduous trees. The leaf is entire, elliptical, shortly-stalked, 
and, especially when young, covered with fine hairs. Leaves two -ranked. 
Inflorescences on shoots of the current season. Male inflorescences capitate and 
pendulous, flowers with an oblique, bell-shaped perianth and usually 8-12 stamens. 
Female inflorescences terminal, capitate and erect ; flowers in two-flowered dichasia. 
The cupule surrounds both flowers (Fig. 664 F), and completely envelops the 
triangular, nut-like fruits ; at maturity it opens by splitting into four valves. 
Its surface is covered with numerous, blunt prickles. 
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Castanea vulgaris , the edible Chestnut, is a native of the Mediterranean region. 
The inflorescences on shoots of the current year bear in some cases only male 
flowers, in others female flowers at tlie base and male flowers above. Flowers 



Fio. 664. — Diagrams of tin* ft in.il<* <li< lusuiof: A, Castanea vulgaris ; /?, Fagus sylvatan ; C, diagram 
of the single flower of (Jio n »■> jmbuu nlnta. b , Bract ; a 0, braeteoW ; a, 0,, a 0', bracteoles 
of the secondary Hewers adherent to the cupula. (4, B , after Eichler. O', after Prantl- 
Froll.) 


grouped in dichasia. Female dichasia three-flowered (Fig. 664 A), so that three 


nuts come to be enclosed within the spiny 
The Oaks, Quercus pcdunculata (Figs. 665, 
largest deciduous trees of European woods. 
The pendulous male inflorescences spring, 
at the time that the new foliage is ex- 
panding, from axillary buds of the shoot 
of the preceding year or from the lowest 
buds of tho shoot of the current year ; 
flowers solitary, consisting of a perianth of 
5-7 segments and 6-12 short stamens. 
Female inflorescences erect, few-flowered, 
in the axils of the upper leaves of the 
shoot of the current year. Flowers in 
three-flowered dichasia, the lateral flowers 
of which are suppressed. The remaining 
central flowers in Q. pcdunculata with 
long stalks, in Q. sessilifiora sessile. Each 
flower is invested by a cupule (Fig. 664 (7), h 
which is at first inconspicuous, but is fully 
developed on the ripe fruit. 

The Beech yields firewood, tar, and 
pyroligneous acid ; the Oak provides a 
valuable timber, a bark containing tannin 
Cork-oak. 


cupule, which splits into four valves. 
666) and Quercus sessilifiora , are the 
Leaves oval, margins sinuately lobed. 



h, s vlnta, longitudinal 

section ol the female llower. b, The young 
cupule, r, mule, <1, ovary; c, perigone ; 
/, st \ le , u, .stigma. (After Berg and 
Sc iiMim, m.umlied.) 

used in tanning, and cork from the 


Official. — The galls (galla) produced on the young twigs of Quercus in- 


ferior ia as a result of puncture by the Gall -wasp, Cynips tinctoria ; Tannic Acid is 


obtained from these. Betula lento, yields oleum gaultheriae. 


Order 1. Polyearpieae 

Sub-Order 2. Ranales 

Returning to the consideration of Order 1. Polyearpieae (p. 623), 
the second Sub-order Ranales has to be described here. 


2 T l 
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In this Sub-order, which conies under the general description of 
the Polycarpicae on p. 623, the flowers are for the most part brightly 
coloured and entomophilous; the Kanales include herbaceous forms, 
sometimes amphibious or aquatic and exhibit close connections with the 



Fio. 666 . — Q tier cus pedunculata. A, Flowering branch; B, a male flower (magnified) ; C, stamens 
(magnified); D, a female flower (magnified) ; K, infruetescence ; F, cupule; C-1I, (AlVr 

St'HIMPER.) 

Monocotyledons ( 23a ). The families placed first, like the Lauraceae in 
the Sub-order Magnoliales, are provided with a trimerous perianth and 
three whorls of stamens. 

Family 1 . Berberidaeeae. Hermaphrodite flowers, with a perianth 
of two trimerous whorls, two or more trimerous whorls of stamens and 
one carpel, bearing the ovules on the ventral suture. In Berberis vulgaris 
the leaves on the shoots of unlimited growth are transformed into 
spines. 
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Official. — Podopiiyli.i khizoma obtained from the North American Berberi- 


Fio. ()•)?. I’oInphiiHiim pelt at um (£ nat. size). (From .V at. I'flunzeiif'iHiilint.) 



daceoua plant, Podophyllum peltalum (Fig. 667), V. cmodi , yields podophylli 
indicae itKsiNAand uiiizoMA. Berheris anstala yields Berberis. 


Family 2. — Menispermaceae. — 
Abundant in the tropics ; mostly 
climbers. Flowers trimerous, with 
three carpels. 

O F F I C I A L . — - Ca LUMBAR RADIX 
from Jateorhiza Columba , a twining 
plant of tropical East Africa. 

Family 3. Nymphaeaceae. -Aqua- 
tic plants with submerged or floating 
leaves, the latter often of very large 
size ; the vegetative organs contain 
latex (Figs. 663-670). The origin of 
the Monocotyledons is to be sought 
in the neighbourhood of this family. 

Cahomba aquation lias trimerous 
flowers, with a perianth of two whorls, 
two whorls of stamens and three 
carpels (Fig. 670). Its shoots have 
divided, submerged leaves, and entire 
floating leaves which appear at the 
time of flowering. The possession of 
laticiferous tubes is characteristic. 

Nymph ora (if !><t } the. White Water 1 


Ftu. »>(»s .—Xymphaea alba (£ nat. size). The spiral 
ai raiiRrment of the stamens and petals is shown 
by their insertions on the ovary to the left. 

,i 1 y (Figs, tios, 669), has largo, floating leaves 

2 T 2 
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and white flowers, protected by firm green sepals. Within the corolla comes the 
zone of numerous stamens and the inferior ovary composed of numerous coherent 
carpels. The spiral arrangement of the members of the perianth and androecium 
is seen by the scars of their insertion when they are removed from the inferior 
ovary (Fig. 668), and in the floral diagram (Fig. 669). In Nuphar the ovary is 
superior and the small petals bear nectaries ; the conspicuous calyx renders the 



Fio. 669. — Nymphaea. Fig. 670.— A, Floral diagram. 71, Fruit of Cahnmln agnativn 

Floral diagram (After showing two carpels developed as partial fruits, (x 4. 

Noll.) After Baillon.) 


flower attractive. In Nelumbium , both the leaves and flowers are raised above 
the surface of the water. Victoria regia from the Amazon, and Euryale ferox 
from tropical Asia, have gigantic floating leaves ; they are often cultivated in 
Botanic Gardens. The flowers of the former are beetle-pollinated, while the latter 
is autogamous. 


Family 4. Ranunculaceae. — The plants belonging to this family 



Fio. 671. — Floral diagrams of KaimMrulaivrn*. . 1 , m^nunuilis. /;, Amnitum nuprlhix, 

C, Aguilegi't vulgaris. /), Cimbifngn rnrewnm. (After Kir iii . kh .) 


are annual herbs ( Myosurus ), more commonly perennial herbs ( Caltha ), 
or rarely low or climbing woody plants ( Clematis , species of Paeonia) 
with alternate, exstipulate leaves. Flowers hermaphrodite, the members 
in many cases arranged spirally; this is very evident in Myosurus 
and where the stamens and the carpels are numerous (Figs. 671, 
672). Perianth either forming a simple or double perigone ( Aconitum ), 
or differentiated into calyx and corolla ( Ranunculus ). Stamens in- 
definite. Pollen-grains with at least three places of exit for the 
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pollen- tubes. Carpels three to indefinite, borne on the convex 
receptacle (Fig. 672), and forming an apocarpous, superior ovary. 
Ovules, borne on the ventral suture, singly or in numbers. The 
partial fruits are follicles ( Paeonia ), acbenes (Anemone), or berries 



Fiu. 07:.'.— </, Flown of nrufu.s sceUratus] b , the same, cut through longitudinally ; 
magnified. (After Baillon.) 


(Hydrastis). Seed with a small embryo enclosed within the large, 
oily endosperm (Fig. 673). 



Important Genera. — Many of our commonest meadow and woodland plants 
belong to this order. They are all in greater or less degree poisonous. A number 
of species of Ranunculus, characterised by tho usually yellow flowers, convex 
receptacle, and fruit composed of numerous free achenes, occur in Britain. The 
petals have a nectary at the base. Leaves palmately 
divided more or less deeply. R. scelcratus is very poisonous 
(Figs. 672, 674). R. arvcnsis with large, spiny achenes 
or nutlets (Fig. 673). The aquatic species of Ranunculus , 
belonging to the section Batrachium , are often hetero- 
phyllous (Fig. 135), the floating leaves serving, as in 
Cabomba , to support the flowers above the surface of the 
water. 

Species of Anemone are also widely distributed in Europe. 

A. 'nemorosa occurs commonly in woods and is one of our 
early spring flowers. It has a horizontal, subterranean 
rhizome, which terminates in a flower, the further growth 
of the plant being carried on by a lateral shoot. Perianth 
simple, petaloid. All species of Anemone have, at a greater 
or less distance from the perianth, a whorl of, usually, three 
leaves forming an involucre (Fig. 675). In A. hcpatica this 
stands just below the perianth and thus resembles a calyx. All the species are to 
some extent poisonous, especially A. Pulsatilla (Fig. 675). The plants of the genus 
Clematis are mostly woody and dilVer from other Rammculaceae ill having opposite 
leaves. Many species are cultivated. C. vitalba is one of our few native lianes. 
The achenes of the species of Cl etna* is and of many kinds of Anemone are provided 
with hairy or feathery appendages, which facilitate their distribution by the 
wind. Caltha palustris, the Mar Mi Marigold (Fig. 676), is one of the most 
conspicuous spring flowers in damp meadows. Perianth simple, bright yellow. 
Leaves cordate or reniform, short-stalked, with erect sheathing base. Fruit, as 
in the species of Helleborus that flower in the winter, composed of follicles. The 


Flo. 673. — RnmuK'ulus 
arvensi >\ ( a r] in 

longitudinal .-•etion. 
(Enlarged. After 
Baii.lon.) 
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Fig. 67 1 . llan> ’ n< . hum (J nat. size). I’o/so.vous. 
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Monkshood ( Aconitum napellus) (Fig. 677 A , B) is a stately perennial herb with 
underground tubers and occurs most commonly in alpine meadows. The leaves 
are palmately divided, the segments being in turn pinnately lobed. Inflorescence 
a dense raceme, reinforced by lateral inflorescences standing in the axils of the 
upper leaves. Flowers zygoinorphic. One of the five dark-blue sepals is helmet- 
shaped, and protects two 
long-stalked, tubular, two- 
lipped nectaries, which (as 
in Helleborus and Eranthis) 
correspond to petals. The 
remaining petals are wanting 
or are reduced to incon- 
spicuous, narrow structures. 
Aconitum Lycoctonum has 
smaller yellow flowers of 
similar construction. All the 
species are poisonous. Aqui- 
Icgia, Delphinium , and Pae- 
onia are favourite ornamental 
plants with showy flowers. 
In Actaea and Hydrastis the 
fruit is a berry. 

Official. — AmMTi 
it.unx is obtained from Acoui- 
tum napellus. Staphis- 
aokiak si: MIN A from Jh'lph - 
•in in n> sin pit isaijria . 11 V l > i; A - 

ST is itiiiznMA from the North 
American Hydrastis Canad- 
ensis u a perennial herb which 
sends its subaerial shoots up 
from the subterranean 
rhizome ; the base of the 
shoot has keeled scale-leaves 
in two ranks. The flowers 
are solitary and terminate 
hich 
The 
falls 
The 
apo- 



the shoots, each of v 
bears two foliage-leaves, 
simple white perianth 
when the flower opens, 
androecium and the 
carpous gynaeceum consist of 
numerous members. The 
fruit consists of numerous small berries, each of which includes 1-2 seeds. The 
alkaloid hydkastine is obtained from the rhizome. 


Fin. 67 6.— Caltha palustns (§ nat. size). J’o/sn.\or.' 


Order 11. Rhoeadales 

Herbs, or more rarely shrubs, with alternate, exstipulate leaves. 
Flowers hermaphrodite, cyclic ; whorls usually bimerous. Ovary 
superior, unilocular. Placentas on the united margins of the carpels, 




Poisoxous. 


obliquely from in 
il section. <>, The 
nl the amlroecium 
i‘inu\f(i. 4, Fruit 
'os carpels. 


after the 
(•••nipnsei 
Follicles 


misurnJ, i.r. shunted immediately over the sutures. Dehiscence of the 
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occurrence of trimeroua flowers in Bocconia (Berberidaceae), the stigmas situated 
directly above the carpels and the occasional occurrence of an apocarpous gynaeceum 
( e.g . Platystemon). The increase in number of stamens is brought about by chorisis; 
they are cyclic. The seeds have abundant endosperm. 

Chelidonium majus , Celandine, has yellow latex and a bicarpellary ovary. Ch. 
laciniatum is a mutant of Ch. majus. A number of species of Escholtzia , Arge- 
mone, and Papaver are cultivated as ornamental plants. Papaver Rkoeas , the 
Poppy (Fig. 679), is a common weed in corn-fields. The bent position of the 
flower-bud is characteristic. Papaver somniferum t which is of Oriental origin, has 
abundaut white latex. The ovary is unilocular, and in the ripe fruit the separa- 
tion of the central portion of each carpel from the placentas at dehiscence is 
limited to the tips of the carpels. These portions bend outwards just below the flat 
stigmatic expansion, and the kidney-shaped seeds are thrown out of the small 


openings when the capsule, borne on its 
long stalk, is moved by the wind. 

Official. — Papaver somniferum, the 
Opium Poppy, yields opium and codkina. 
Papaver Rhoeas yields rhoeados petala. 

Family 2. Fumariaceae.— This small 
family is of interest on account of the 
occurrence of transversely zygomorphic 
flowers in Corydalis (Fig. 680) and a 
bi-symmetrical corolla with two spurs in 
Dicentra spectabilis. The fruits are uutlets 
in Fumaria and capsules in Corydalis and 
Dicentra. Seeds with endosperm. 

Family 3. Cruciferae ( 3fi ). — This 
family is mainly distributed in 
the northern hemisphere. Annual, 
biennial, or perennial herbs without 



‘io. 682.— Card-amine pratensu*. Flower with 
perianth removed, (x 4. After Baili.on.) 


milky juice. Inflorescence racemose, usually without bracts or 


bracteoles. Flowers actinomorphic, always lateral, composed of 


bimerous whorls. Floral formula, K 2 + 2, C 4, A 2 + 4, G (2) (Fig. 


681). The outer whorl of sepals stands in the median plane ; the four 
petals alternate with the sepals. The two outer stamens are shorter 
than the four inner ones which stand in the median plane (p. 119). 
The latter correspond to two stamens branched to the base. The 
carpels form a superior, usually pod-like, ovary, which is divided 
into two chambers by a false septum (p. 556), stretching between 
the parietal placentas (Fig. 683 A, C \ D). The fruit opens by the 
separation from below upwards of the main portion of each carpel, 
leaving the seeds attached by their stalks to the central portion 
formed by the placentas together with the false septum. Karely 
the fruit is indehiscent ( e g. Isatis). Embryo curved. Endosperm 
wanting or reduced to a single layer of cells coherent with the seed- 
coat (Figs. 684, 685). 


The number of species and their abundance make the Cruciferae one of our 
most important native families of flowering plants. Their brightly coloured, 
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mostly yellow, flowers render them conspicuous in various situations and at all 
periods of the year. The nectaries, which are borne on the receptacle at the base 



Fig. 033.—- Cruciferous fruits. A, Chtdra nth us rhriri; B, Lepiilium sativum ; C’, Caps vita bursa 
jmsfnris ; IK I.iim 1 1 hi hinu'is, showing the septum after the carpels have, fallen away. 
K , Cntmhe maritima. (After IIaii-i.ox.) 


of the stamens, also show that the flowers are entomophilous. The family includes 
a number of economic plants and others cultivated for their flowers. 

Chcirantkus Cheiri , the Wallflower (Fig. 683 A). Matthiola , the Stock. 



Fio. 684. — Transverse section of the seed 
of Brassica nigra, rail, radicle ; r>>t, 
cotyledons; proc., vascular bundles. 
(After Moj.i.kh.) 


Fio. 68a. — Seeds of Ouciferae cut across 
to show the radicle and cotyledons. 
A, t'k'-i ra uthus rhriri ( ■ s) ; /#’, N isipti- 
briumalliariu(x 7). (After JJaillon.) 


Numerous species of Brassica have been long in cultivation ; B. oleracca , the 
Wild Cabbage, in its various forms— (a) sylvestris, which occurs on the coasts of 
Northern Europe and is to be regarded as the wild form ; (6) acephaht, Borecole 
or Kale ; (c) gonglyodes, Turnip-rooted Cabbage ; ( d ) gemmifera , Brussels Sprouts ; 
( e ) sabauda, Savoys ; (/) capitata, the Cabbage ; (//) botrytis , Cauliflower and 
Broccoli. Brassica campestris , with the cultivated forms — {a) annua, ( b) oleifera , 
(c) rapi/era. Brassica napus, the Turnip— (a) annua , {b) oleifera , (c) napobrassica. 
Brassica nigra , Black Mustard (Fig. 686), an annual plant, was cultivated even 
in ancient times. The radical leaves are long-stalked and lyrato with rounded 
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terminal lobes ; on ascending t lie copiously-branched stein they become lanceolate 
and gradually smaller. The plant is glabrous except for some bristly hairs on the 
upper surface of the leaf. Inflorescence a raceme ; the bright yellow flowers stand 


out from the main axis, while the 
developing fruits are erect and 
applied to the axis. Sinapis alba. 
White Mustard, is a hairy plant, 
distinguishable from the Black 
Mustard by the long broadly-beaked 
fruits, the valves of which bear 
coarse bristly hairs. The fruits 
project from the axis of the inflor- 
escence. The seeds are yellowish- 
white and twice as large as those of 
Brassica niyra. Anastatica hiero - 
ckuntica , Rose of Jericho, is an 
anmi i 1 desert plant of North Africa 
characterised by the hygroscopic 
movements of its branches (of. p. 
335). Cram be (Fig. 685 A’), with the 
lo\v>r portion of the siliqua sterile, 
and Ca-hile are thick-leaved strand- 
plants. Jlapltunus salivus, the Radish. 
Vesiearid, Aubrictia , Dr aba, Lun- 
ar ia i Fig. 683 D). Cochlearia offici- 
nalis, Scurvy Grass. Erophila, lberis 
with somewhat zygomorphic dowers. 
Cnf>seJln bursa pastoris, Shepherd’s 
purse ; Fig. 683 C ). Isatis tinctoria , 
Woad. 

Official. — Oleum sinapis 
y o i a m k, from Brassica niyra . 
A i:\tnK.MTAE radix, from Cochlearia 

Amn>raeiu. 

Family 1. Capparidaceae. ■— Cap- 

pans Sfti/nisu is a small shrub 
occurring on rocky ground in the 
Mediterranean* region. The leaves 
are simple with short, recurved, 
spiny stipules. The actinomorphic 
flowers are axillary and solitary ; 
the androeeium by chorisis consists 
of numerous members. In this 



Kio. estf.— J.'mssMvi jo'jjm. (A luit. size.) 


respect and in the presence of a 

gynophore which raises the pistil above the n-st of the flower (Fig. 687), there 
are differences from the Oueilcrae. The fruit is a berry which reaches the size of 
a plum and contains numerous seeds. Gapers aie prepared from the young flower- 
buds. 


Order 12. Parietales 

The plants belonging to this order are characterised by their usually regular, 
pontamerous flowers ; the stamens are increased in number by chorisis, or. when 
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the separation of the branches is incomplete, they form distinct bundles ; the 
superior ovary is usually trimerous. The relationship to the Rhoeadales is 
rendered probable by serodiagnostic investigations, 
a, Placentation parietal. 

Family 1. Cistaceae. — Pentamerous, regular flowers, with numerous stamens 
and three to five carpels united to form a unilocular or multilocular ovary with 
parietal placentas. In Britain the Rock Rose ( Helianihemum vulgar e) (Fig. 688). 



Fio. 687 .—Capparti spinosa. Flowering branch and a young fruit borne on the gynophoie. 

(£ nat. size.) 

Many species of Cistus are characteristic shrubs of the vegetation of the Mediter- 
ranean region. 

Family 2. Droseraceae. — Includes the Sundew ( Drosera ) and similar plants ; 
these capture insects by means of their tentacles with viscid heads, and digest 
them. 

Family 3. Violaceae. — Distinguished by dorsiventral flowers with only five 
stamens. Ovary unilocular. The flowers have the anterior petal prolonged back- 
wards as a spur, into which two nectar- secreting processes of the two anterior 
stamens project (Fig. 689). 

6, Placentation axile (usually separated as Guttiferales). 

Family 4. Ternstroemiaceae have a gradual transition from sepals to petals, 
like that found in the Magnoliaceae, numerous stamens, and a trilocular ovary 
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with axile placentation. The Tea-plant (Fig. 690) and the Camellia belong to 
this family. 

Family 5. Guttiferae. — Distinguished by the schizogenous glands and the 
union in bundles of the stamens. Hypericum is a British representative. The red 
contents of the secretory organs of Garcinia Hanburyi when dried form Gamboge. 

Family 6. Dipterocarpaceae. — Characterised by the great enlargement of some 





Fio. 688. — Floral diagram of 
Helianthemum vulgare (Cis- 
taceae). (Eichler.) 



Fio. 689.— Floral diagram 
of Viola. (After Noll.) 



Fio. MQ.—Thca chinensis. Flowering shoot 
(§ nat. size) ; fruit and seed. 


or all the sepals after fertilisation. Dryobalanops Camphora yields Borneo Camphor. 
Dammar is obtained from Short a JViesneri. 


Order 13. Rosales 

The cyclic flowers are in other respects similar to those of the 
Polycarpicae ; the connection of the Rosaceae with the Calycanthaceae 
and Ranunculaceae is particularly close. The single carpel in the 
Pruneae and the dorsiventral flowers of the Chrysobalaneae lead on 
to the Leguminosae. 

The order includes plants of very diverse form and construction 
with alternate leaves. The flowers are almost always actinomorphic 
with the members arranged in whorls ; they have five, ten, or 
numerous stamens and carpels, the pistil is as a rule apocarpous. The 

2 U 
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large part played by the floral axis in the construction of the flower 
and fruit is characteristic. K5, C5, A5-» , Gl-oo . 

The connection of the Rosales on the one hand with the Polycarpicae and on 
the other with the Leguminosae and Myrtales lias been confirmed serologically. 

Family 1 . Crassulaceae. — Succulent herbs or under -shrubs with cymose 
inflorescences. Seduni (Fig. 691) with pentamerous flowers ; there are a number 
of British species. Sempervivum ( a5tt ), flowers with from six to an indefinite 
number of members in the whorls. Bryophyllum with tetramerous flowers, note- 
worthy on account of the abundant formation of buds in the indentations of the 
margin of the leaf. Crassula ; South African species mimic stones by their globular 
form (*) A (of. Aizoaceae, p. 628). 

Family 2. Saxifragaceae. — Herbs or woody plants with hermaphrodite, 
obdiplostemonous flowers. Fruit, a capsule or a berry formed of two carpels and 
containing an indefinite number of albuminous seeds. Saxifraga , Saxifrage, small 
herbaceous plants which are especially numerous on crags and rocky ground in 




Fig. 691. — Sedum telephium . a, Flower; h, flower m longitudinal section. 

(x 4. After H. Schenck.) 

mountainous districts. They have a rosette of radical leaves and bear numerous 
pentamerous flowers grouped in various types of inflorescence. The two partially 
inferior carpels are distinct from one another above. Parnassia palustns is common 
on wet moors ; the pentamerous flower has four carpels. One whorl of stamens 
modified into palmately-divided staminodes, which serve as nectaries. The species 
of Ribes have an inferior ovary which develops into a berry, and on this account 
are commonly cultivated. R. rubrum (Fig. 692), Red Currant, R. nigrum , Black 
Currant, R. grossularia , Gooseberry. Other Saxifragaceae are favourite ornamental 
plants, e.g. Ribes aureum and R. sanguineum, Hydrangea , Philadelphus, and 
Deutzia. 

Family 3. Rosaceae ( 36 ). — Characteristic features of this family 
are the constant presence of stipules, the absence of endosperm from 
most of the seeds, the apocarpous fruits, and, as a rule, the numerous 
stamens (Fig. 693). The two latter features are also found in the 
Polycarpicae and support a close relationship, but the floral members 
are there spirally arranged while in the Rosaceae they are in whorls, 
and the flowers are perigynous. 

In many cases the increase in number of members of the androecium and 
gynaeceum proceeds from an intercalary zone of the hollowed floral axis, and 
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continues for a considerable period. The introduction of new members is deter- 



Fin. 6i)2.—Ribes rubrum. (§ nat. size.) 


mined by the spatial relations, so that differences in the numbers of members are 
found in individuals of the same species. 


A B 



Fio. 093.— Floral diagrams of Rosaeeae. A, Sorb us (lamest ira. R, Primus Pad us. C, Rosa 
tomentom. D, Sanguisorba ojfu'tnalis. K, Spiraea hyperietfolui. (After Eichi.kr.) 

The genus Spiraea has typically pentamerous flowers with superior ovaries ; 
many species arc cultivated as ornamental shrubs (Fig. 693 E ). Quillaja Saponaria 
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(Fig. 604 \ from Chili, is an evergreen tree with shortly- stalked, alternate, 
leathery leaves and terminal dichasia. The flower has a. live toothed, nectar- 
secreting disc, projecting above the large sepals. Five of the stamens stand at 
the projecting angles of the disc opposite the sej>als ; the other five are inserted 
opposite the petals at the inner margin of the disc. Petals narrow, white. 
Ovary superior. Only the middle flower of the dichasium is hermaphrodite and 
fertile, the lateral flowers are male and have a reduced gynaeeeum. Fruit star- 
shaped, composed of partial fruits. Each carpel dehisces hv splitting into two 
valves. Seeds winged. 

The genera Pyrus , Cydonia , etc., are distinguished from the other Rosaceae by 
their inferior ovary, which usually consists of five carpels bound together by the 


Fig. 605. —Hagenia abyssinira. 1 , Female 
flower; >\ ejtiealyx ; /, calyx; corolla 
Fio. Q9i.—Quillaja Saponaria . (f nat. size. ( ■ 4). y Fruit (nut. size), with enlarged 

After A. Meyer and Schumann.) epicalyx. (After Hf.ko and Sciimiut.) 

hollow floral receptacle so that only the styles are free. The fruit resembles a 
berry, the floral receptacle becoming succulent. The boundaries of the separate 
loculi are formed of parchment-like or stony tissue. Pyrus mu/ us, Apple (Fig. 
546, 3), and P. communis , the Pear, are important and long-cultivated fruit trees, 
of which numerous varieties are grown. Cydonia vulyu r is. the Quince, has large, 
solitary, rose-coloured flowers. The fruits are in shape like an apple or pear, 
covered with fine woolly hairs and with a pleasant scent, though not edible 
when uncooked. In Mespilus germanica , the Medlar, the fruit has an apical 
depression surrounded by the remains of the calyx. The evergreen Eriobotrya 
japonica, is commonly planted in the Mediterranean region; Sorbus (Pyrus) 
aucupariu, the Rowan. Crataegus oxycantha } the Hawthorn, in hedges or 
planted as an ornamental tree (cf. p. 301). 

A concave, pitcher -shaped floral axis with one to many free carpels, each of 
which encloses 1-2 ovules, characterises the genus llosa. The partial fruits are 
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nut-like, and arc enclosed by the hollowed floral axis (Fig. 693 C). The leafy 
development, of the numerous stamens h;is given rise to the cultivated double 
forms. Agrimonia and Ifagenia abyssinica have a dry cup -shaped receptacle. 
Hagenia is a dioecious tree from Abyssinia with unequally pinnate leaves, the 
adherent stipules of which render the petiole winged and channelled. Inflorescence 



Fig. 69Q.~Hagcnia abyssinica (Bray cm anthdm intica). Inflorescence (£ nat. size). (After IH:ko 

ami St n Min i. ) 

a copiously branched panicle. Each tlowcr has two bracteoles and an opicalyx. 
The flowers are unisexual by suppression of the male and female organs respectively. 
The corolla later falls olfaud the sepals become inrolled, while the epicalyx enlarges. 
The two free carpels have eidi a single ovule. Fruit om seeded (Figs. 695, 696). 
Alc/i emit fa has no petals ;Fig. ."1*5, 2 . Sanat- aalts has pol vgamous 

flowers, wit hout epicalyx or corolla, aggregated ; it ... : .. Flowers tet ranierous 
with 1-2 carpels , Fig. *59.'! / > . 'fliesc are great lv reduced forms. 

Potent ilia- with a number of British species has a flattened receptacle, epicalyx, 
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and an apocarpous pistil. Gewm and Dryas have hairy carpels which elongate in 
fruit and are distributed by the wind. Fragraria, Strawberry, with small achenes 
situated on the succulent, enlarged, floral receptacle. llubus, Blackberry, has 
numerous species, mostly scrambling shrubs with recurved prickles. Leaves 
trifoliate. R. idaeus , the Raspberry, is one of the few species which are not 


Fig. 61)7. — Primus rernsus (3 nut. size). 1 , Flowering shoot ; Mower cut in two 
(slightly <*nl:irged) ; ■’>, fruits; 4, fruit cut through longitudinally. 

straggling climbers. The small drupes are closely crowded on the convex receptacle, 
forming the collective fruit. 

The group of the Pruneae, which includes a number of important trees bearing 
stone-fruits, has a single carpel situated in the middle of the Hat expanded floral 
receptacle (Fig. 693 JJ). Prunus cerasus , the Wild Cherry (Fig. 697) ; P. avium, 
Gean ; P. domestica , the Plum; P. armeniara , the Apricot, and P. persica, the 
Peach, are of Chinese origin ; P. Amygdalus , the Almond, from the eastern Mediter- 
ranean region. The succulent mesocarp of the Almond dries up as the fruit ripens 
and ruptures, setting the stony endocarp free. 

Poisonous. — The seeds of many Rosaceae contain amygdalin, but usually not 
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in such amount as to be poisonous, owing to the resulting hydrocyanic acid, when 
eaten fresh in small quantity ; this is, however, often the case with the residuum 
left after the seeds, e.g. of bitter almonds, have been crushed. The leaves of the 
Cherry Laurel ( Prunus Laumcerasus) may also give rise to toxic effects. 

Official. — Rosae gallicae vktala from cultivated plants of Ilona gallica ; 
OLEUM rosae and aqua rosak from Rosa dama- 
sccna. Amygdala dxjlcis and amygdala amaha 
from Primus amygdalus. Pruni virginjanae 
cortex from Primus serotina. Laurocf.raki 
folia from Prunus Laurocerasus. Cusso from 
Brayera anthelmintica . Quillaiae cortex from 
Quillaja Sapunaria. 



Order 14. Leguminosae F[0 „ 98 ._ Floral diaRrams of Mimo . 

. . saceae. J.'f- . "lira. B, Acacia 

Ihe common characteristic of all lophantho. hhk.) 

Leguminosae is afforded by the pistil. 

This is always formed of a single carpel, the ventral suture of 
which is directed to the dorsal side of the flower (Figs. 698, 701, 
706). It is unilocular, and bears the ovules in one or two rows on the 
ventral suture. The fruit is usually a pod (legume), which dehisces 



Fio. GOD. — Acacia nicoyensis. From Costa Rica. 7, Leaf and part of stem; S, hollow thorns in 
which the ants live; L, entrance; F, i-l»o»li*‘s at tin* apices of the lower pinnules; N t 
nectary on the petiole. (Reduced.) II, Single pinnule with food-body, F. (After F. Noll. 

Somewhat enlarged.') 

by splitting along both the ventral and dorsal sutures. Nearly all 
Leguminosae have alternate, compound, stipulate leaves. Many are 
provided with pulvini (Fig. 698) which effect variation movements of 
the leaves and leaflets. 

Family 1. Mimosaceae. — Trees, and erect, or climbing, shrubby plants with 
bipinmite leaves. Flowers actinomoipbic, pentameious, or tetramerous (Fig. 698). 
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occurs as a weed throughout the tropics and exhibits great irritability to contact. 
Numerous species of the genus Acacia are distributed through the tropics 
and sub-tropics of the Old and New Worlds. The Australian forms of the 
genus are frequently characterised by possessing phyllodes (p. 161), the vertical 
position of which contributes to the peculiar habit of the Australian forests (cf. 
(Fig. 185). Some American species of Acacia are inhabited by ants (Fig. 699) 


Fio. 703 .— Tamarindus indica. (£ nat. size. After A. Mkykk and Schumann.) 

which live in the large stipular thorns and obtain food from Belt’s food-bodies ( 37 ) 
at the tips of the pinnules. A mutual symbiosis has not been demonstrated in 
this case. Many species of Acacia are of considerable economic value owing to the 
presence of gums and tannins in the cortex, in the heart-wood, or in the pods. 
A. catechu (Fig. 700) and A. stoma are East Indian trees from which Catechu is 
obtained. 

Official. — By the disorganisation of the parenchyma of the stem of Acacia 
Senegal (Soudan and Senegambia) and of other species, acaciak ci mmi is obtained. 
This exudes from wounds as a thick fluid and hardens in the air. A. Arabica 
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(Fig. 700). and A. decurrens yield acaciae cortex. Acacia Catechu yields 
CATECHU NIGRUM. 


Family 2. Caesalpiniaceae. — Trees or shrubs with pinnate or bipinnate leaves. 
Flowers usually somewhat dorsiventral. Corolla with ascending imbricate aestiva- 



Fio. 704. To mo ri ndii* in- 
dial. Fruit in longitu- 
dinal section. M, t In* lleshy 
mesocarp. (Alter Hero 
and Schmidt.) 


Fio. 705.- Ira. (f nat. 

size. Aft* r A. Mkvkh and Schu- 
mann.) 


Fio. 706, — Floral diagrams of I' .: - ae. 

AfVicio r>ihn. I. ihi/rniini rulgare. (After Eichler.) 


tion (Fig. 701). Typical floral formula : K f>, C 5. A 5 + 5, G 1. The number of 
petals and stamens is often incomplete. Embryo straight. Abundantly represented 
in the tropics and sub- tropics. 

In Cassia tmausf i folia the sc pa Is and petals are both the in number and free 
(Fig. 702). The lower overlapping petals are somewhat larger than the upper ones. 
Of the ten stamens the three upper ones are short and sterile, while the other 
seven, the filament s of which arc curved and convex below, diminish in length 
from above dow nwards. The anthers open by means of terminal pores. The pod 
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is compressed and broad and flat. The flowers are borne in racemes in (lie axils 
of the leaves of the shrub, which is about a metre high. The bright green, 
equally pinnate leaves have small stipules at the base. Tamarind us indica 
(Fig. 703) is a handsome tree, native to tropical Africa, but now planted throughout 
the tropics. Its broadly-spreading crown of light foliage makes it a favourite 
shade-tree. The racemes of flowers are terminal on lateral twigs bearing equally 
pinnate leaves. The individual 
flowers are markedly zygomor- 
pliic. The fruit is peculiar. The 
pericarp is differentiated into an 
outer brittle exocarp, a succulent 
mesocarp, and a linn endocarp 
consisting of stone-cells investing 
the more or less numerous seeds 




si/.**). Flow t rines 
stHinens, c;irprl 

(£ nat. si/*-). 


Fruit. 


Fio. 708. — Myroxyb.n 1'n 


rae. ( - t nut.. si/*‘. A ll < 
< 1IM1M.) 


individually (Fig. 704). The almost imperecptibly ilorsi ventral « i - of 
Copaifera have no corolla; the four sepals are succeeded bv S-lo free stamen*. 
The fruit is one-seeded but opens when ripe. The seed is invested on one 
side by a succulent, irregularly-limited arillus. None, of the Caesaipiniaceac 
are British. Ceratonia sil-iqua and the caulillorous (ef. p. 732) Cercis siliquus/ru hi 
from the Mediterranean region (Fig. 701 A) and Glcditsckia triacanthos (N. Am.) 
(Fig. 193), are sometimes cultivated as ornamental plants. 

Official. — Sknnak folia and hennas fuuctus from Cassia aiujusH/nlin (Trop. 
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East Africa and Arabia, cultivated at Tinnevelly in Southern India) and from 
0. acutifolia ; Cassia Fistula (Trop. Am.) yields cassia k kkuctus ; copaiba is 
obtained from Copa'ifera Langsdorfii and other species ; tamarindus from the 
succulent mesocarp of Tamarindus indica ; haematoxyia i,k;num, the heart-wood 
of Haemaioxylon campechianum (Trop. Ann); krameriae radix from Kramcria 
triandra , a shrub growing in the Cordilleras. Flowers atypical ; the sepals 
brightly coloured within ; the corolla small. Three stamens opening by pores at 
the summit. Fruit spherical, prickly. Leaves simple, silvery white (Fig. 705). 
Sappan from Caesalpina sappan. 

Family 3. Papilionaceae. — Herbs, shrubs, or trees with, as a 

rule, imparipinnate leaves. Flowers always markedly zygomorphic. 
Calyx of five sepals. Corolla of five petals, 
papilionaceous, with descending imbricate 
aestivation (Fig. 706). Stamens ten; fila- 
ments either all coherent into a tube 
surrounding the pistil ( Lupinus ) or the 


Fio. 709.— My roxy Lon Pereirae. See Text. (Enlarged. After Fio. 710.— Fruit of Myroxylon 

Bero and Schmidt.) Pereirae. (§ nat-. size.) 

posterior stamen is free ( Lotas ), or all are free ( Myroxylon , Fig. 709). 
Seeds with a curved embryo. 

Abundantly represented in the temperate zones ; fewer iu the tropics. 

The component parts of a papilionaceous flower are seen separately in Fig. 707. 
The posterior petal, which overlaps the others in the bud (Fig. 706), is termed the 
standard (vexillum). The two Adjoining lateral petals are the wings (alae), and the 
two lowest petals, usually coherent by their lower margins, together form the keel 
(carina). The upper ends of the stamens are usually free and curve upwards, as 
does also the style bearing the stigma. 

The genus Myroxylon is of importance on account of the balsam obtained from 
species belonging to it. Myroxylon Tnrirae is a tree of moderate height with 
alternate, imparipinnate leaves (Fig. 708). The flowers are borne in terminal 
racemes and have a large vexillum, the other petals remaining narrow and incon- 
spicuous. The stamens are only coherent at the base, and bear conspicuous, 
reddish- yellow anthers (Fig. 709). The fruit is very peculiar. The ovary has a 
long stalk and hears two ovules near the tip. One of these develops into the seed 
ot the iinlehiseent , compressed pod, which has a hrnad wing along the ventral 
suture and a narrower wing along the dorsal suture v Fig. 710). The bell- 
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shaped calyx persists on the stalk. Genista, SaroUw-nuuis, Lupinus , Cytisus 
have all ten stamens united (Fig. 706 B) ; tla-ir leaves are pinnate or simple, with 
entire margins. The Laburnum (Laburnum vulyurc, Fig. *268) is one of the 
commonest ornamental trees of our gardens and grows wild in the Alps. It has 
tripinnate leaves and long pendulous racemes of yellow llowers. Ulex, Furze, a 
characteristic British plant. Spartium , distributed in the Mediterranean region. 

Trifolium, Clover, with per* 


Flu. 711. — Ast ratjulns fjnrtimifer. (i nat. six* 
A. Mbykk amt Sriii MAW.) 


sistent calyx and corolla. 
Leaves trifoliate. Flowers ag- 
gregated in head 8. Stamens 
(9) + 1. Fruits imlehiscent. 
Medicago , Mcdiek, with deci- 
duous corolla : fruit sickle- 
shaped or spiral ly twisted. 
Melilotus, Melilot, with race- 
mose intlorescences. Trigonella 
with long pods. Ononis , Kest- 

Harrow, with ten coherent 
stamens. The increase in the 
amount of nitrogen in the soil 
effected by the root-tubercles 
(cf. Fig. 248) of Leguminosae 
finds its practical application 
in European agriculture in the 
cultivation of species of 7W- 
folium % Medicago , and La plans. 
Lotus , Bird’s- loot Trefoil (Fig. 
707) ; leaves iniparipinnate, 
lowest pair of leaflets owing 
to the absence of the petiole 
resent bl i n g s t i p u 1 e s. A at hyllis. 
Kidney- Vetch. In species of 
Astragalus, which arc low 
shrubs of the ea>t*Tii Medi- 
terranean region and of western 
Asia, the rachis of the leaf 
persists as a sharply pointed 
thorn for years after i he leaflets 
hu\ e fallen. '1 he.-e opines serve 
to protect the Voting shoots, 
leaves, and tlow.r> Fig. 711). 
Our native species are herba- 
ceous. lo'Ltnin ( Fig. 176 1 is 


an American tree of rapid growth with very brittle wood, which is often 
planted and known as False Acacia. Glycyrrhiza , Lhjuoriee. is a native of 
South Europe. Wistaria sinensis is a climber with beautiful hlue flowers, 
often grown against the walls of hous.-s. bistinguished hy the jointed 
pods in which the seeds are isolated hy transverse septa are Corvnilla, 

( fra ifjmpi/s sat tries, Birds -Foot, and Arachis h ypngara , ( bound - nut, an im* 
portant, oil-yielding fruit of the tropics and suh- tropics. After flowering the 
flower - stalks penetrate the soil in which the fruits ripen. ricin. Vetch; 
Bisum , Pea (Fig. 201) ; Lens , Lentil ; Lathyrus, Everlasting Pea (Fig. 202). 
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Leaves with terminal tendrils, corresponding to the terminal leaflet ; the leaves 
may thus appear to be paripinnate. The cotyledons remain within the seed-coat 
and do not become green. Vida Faba , the Broad Bean, is an erect plant, without 
tendrils ; the terminal leaflet is reduced to a bristle-shaped stump. Phaseolus , 
Kidney Bean, and Physostigma are twining plants with tripinnate leaves. Physo- 
stigma venosum , a West African climber, yields Calabar Bean. 

Poisonous. — Among our common Leguminosae only Laburnum vulgare and the 
related genus Cytisus are extremely poisonous. Coronilla varia, -with umbels of rose- 
coloured flowers, and Wistaria sinensis are also poisonous. 

Official. — Astragalus gummifer and other species yield tragacantha. Gly- 
cyruhizae radix is obtained from Glycyrrhiza glabra. Spartium scoparium 
( Cytisus scoparius) yields scoparii cacumina. Andira Araroba, a Brazilian tree, 
contains a powdery excretion in cavities of the stem called araroba ; chrysa- 
robinum is obtained from this. The heart-wood of Pterocarpus santalinus, an East 
Indian tree, is ptkrocarpi lignum. Kino is obtained from the juice flowing from 
incisions in the trunk of Pterocarpus Marsupium. Myroxylon toluifera (South America) 
yields balsamum tolutanum, and M. Pcreirae (San Salvador) bai.samum pkru- 
vianum. Arachis hypogaea yields olkum araciiis. Bulea frondosa yields buteak 
semina. Physostigma rencnosum yields physostigmink. 


Order 15. Myrtales 

This order differs from the Rosittorae by the inferior ovary, the 
prevalence of tetramery, and the absence of stipules. 

Family 1. Thymelaeaceae. — Ovule pendulous. Daphne Mnercum (Fig. 712) 
is a poisonous shrub, possibly native to Britain, which flowers in February and 
March before the leaves appear. The flowers are rose-coloured, scented, tetramerous, 
and have no corolla. The leaves form a close tuft until the axis elongates. The 
fruit is a bright red berry. In the Alps and in the Mediterranean region there 
are several species of Daphne , all of w liich are poisonous. 

Family 2. Elaeagnaceae.— Ovule erect. Hippophae. Elacagnus. The leaves 
and young twigs are covered with shining peltate hairs. & Uicphcrdia (Fig. 52) is 
similar. 

Family 3. Lythraceae. — Lythrum salicaria. Purple Loosestrife. Flowers 
typically hexamerous with two to six carpels. Heterostyled with three forms of 
flower (cf. p. 671). 

Family 4. Onagraceae. — Flower tetramerous throughout. Androeeium obdiplo- 
steiuonous. Epifobium t Willow-herb, with numerous species ; the fruit is a 
capsule, and the seeds have hairs serving for wind -dispersal. Oenothera (Fig. 713). 
The power of mutating possessed by plants of this genus was recognised by de 
Vries ( ;,tf ) and forms the experimental basis of his hypothesis of mutation. 
Circaca , Enchanters Nightshade. Trapa, Water Nut. Many forms are in culti- 
vation, for instance the species of Fuchsia, in which the calyx is petaloid. These 
plants are natives of America. Fruit, a berry. 

Family 5. Rhizophoraceae ( ,H8a ). — Plants occurring in the Mangrove formation 
along tropical coasts, characterised by vivipary and the possession of stilt-roots, 
or respiratory roots (Fig. 182). These adaptations are related to the peculiarities 
of the situations in which the trees grow. Bhizophora (Fig. 715) ; Bruguiera ; 
Ceriops. Kamlelia. All occur on the coasts of the Indian Ocean. Species of 
Bhizophora are more widely distributed on tropical coasts. 
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Family 6. Myrtaceae. — Evergreen shrubs or trees ; leaves opposite, 
leathery, often aromatic. Flowers actinomorphic, tetramerous or 
pentamerous. Androecium of many stamens, which are often arranged 
in bundles which have originated by branching. Carpels two or 
many (Fig. 714) united with the floral axis to form the inferior ovary. 

Fruit, usually a berry or a 
capsule. 

Mainly distributed in tropical 
America and in Australia. 

The Myrtle ( Myrtus com- 
munis ), which occurs in the 
Mediterranean region, is tho 
only European species. Species 
of Eucalyptus ( 38 ) from Australia, 
especially E. <jlobulus y are 




Fig. 713. —Floral diagram of Oenothera 
(Onagraceae). After Noll. 



Fig. 712.— Daphne Mezereum (£ nat. size). 
P OI so so vs. 


Fig. 714.— Floral diagrams of Myrt- 
aceae. A, Myrtus communis. B , 

Eugenia aromat im . (Aft • r Kiciilf.r.) 


commonly planted in warm climates, on account of their rapid growth and 
useful timber. Young plants have opposite, sessile leaves, but older trees 
bear stalked, sickle-shaped leaves which hang vertically. E. amygdalina , which 
reaches a height of 150 m. and a circumference of 30 m. at the base of the trunk, 
is one of the largest forest trees known. Psidium guayava and some species of 
Jambosa bear edible fruits ; the former is especially valued. Jambosa caryophyllus 
(Moluccas) is of economic importance, its unopened flower-buds forming Cloves 
(Fig. 716). This tree is commonly cultivated in the tropics. In Fig. 716 the 
inferior ovary, formed of two carpels, is also seen in longitudinal section. 
Species of Sonneratia are frequently the constituents of the mangrove vegetation 
that advance farthest into the sea ; their pneumatophores therefore attain a 
considerable height (Fig. 181). 
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Family 7. Punicaceae. — Single genus Punica . Punica granatum is a tree 
originally introduced from the East and now largely cultivated in the Mediterranean 
region on account of its acid refreshing fruits known as Pomegranates (Fig. 717). 
Leaves small, entire. Flower with a stiff, red calyx, an indefinite number of 
petals, and numerous stamens ; the 7-14 carpels are arranged in two tiers, the 
upper of which corresponds in number to the sepals, the lower to the half of this 
(Figs. 717, 2, 718). Fruit enclosed by a leathery pericarp with numerous seeds 

2 X 


Official. — Eugenia Caryophyllata yields caryophyllum, Cloves. Oleum 
cajuputi from Melaleuca Leucadendron , a tree of less height but resembling the 
Eucalyptus trees ; it is cultivated in the Moluccas (Buru) for the sake of the oil 
it yields ; its specific name refers to the white colour of the bark. Oleum 
eucalypti and kino eucalypti from Eucalyptus globulus and other species. 


Fio. 7la . — lihizophorn ronjmjntt’ (| eat. size). 
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in the loculi of both tiers The extern. il layers of the seed-coat become succulent 
and form the edible portion ot the li mi. 

Order 16. Euphorbiales (Tricoccae) ( 40 ) 

This order is placed here, after the preceding description of the orders which 
can be directly connected with the Folycarpie.ie, since tin 1 luiplioi hiale.s can be 



Fi*. TIC — / un i/u/.h ulhit. i(\ iuit si/-) riMu-in, ■ biamli A bud < ut m lnlf and m <>p< iwd 
Il< i\\ (about ll.lt M/e) 

regarded as a similar though less far-reaching initial group. Whether or in what 
degree the Bnphorbiales are connected with tho Polycarpieae is a dillieult oiiestion. 
It appears lather as if such special features as those of the ry.itlmnn (Fig. 7 Hi ) 
might be traced back to Gynmosperm inflorescences. When the stamens, winch 
each correspond to a male (lower, have an articulation hetwicn tin filament and 
the stalk, or in some cases ( Anthostema , etc.) exhibit a well-formed perianth in 
this position, the distinction from the condition in U actum or Ephedra is not so 
great. It is true that it is not possible to trace siimlai analogies in the c.i>e of 
the female (lowers. 

On the other hand, then* i^ no doubt, .-n to the cyathmni being an mllon s< < n< *•, 



DIV. II 


ANGIOSPERMAE 


675 


and in this respect also there would seem to be an approach to Gymnosperm 
ancestors. It is further to be considered that hermaphrodite dowers are also 
wanting in the forms which do not possess cyathia, and that the distribution of 
the flowers may be either monoecious or dioecious. 

In the other direction the Euphorbiaeeae exhibit affinities, especially to the 
Malvaceae, Geraniaceae, Linaceae, Polygalaceae, and Aceraceae ; they agree in the 
structure of the ovary, the loculi of which, as in the Euphorbiaeeae, contain only 
one or two ovules. Possibly also some significance may be attached to the possession 
of stipules. Thus it would appear, and this is confirmed serologically, that the 
Columniferae and Gruinales are to be regarded as the most nearly related orders. 



Fn.. 717. 1‘unii'ir ijrmuitum (1 nat. size). 7, liranch hearing a Mower and a bud. 

2, Flower in longitudinal . section, d. Fruit. (See text.) 

Family Euphorbiaeeae. — The plants belonging to the Euphor- 
biaceae are of very diverse habit. The order includes herbs, shrubs, 
leafless succulent plants, trees with normal foliage, and others with 
scale-leaves and assimilating phylloclades. The plants agree, however, 
in possessing unisexual, actinomorpliic flowers, with a simple perianth 
or with no trace of the latter. Androecium diplostemonous, or stamens 
numerous. The female flowers are especially characterised by the 
superior, trilocular ovary formed of three carpels; in each loculus 
arc one or two pendulous ovules with a ventral raphe, and the micro- 
pyle directed upwards and outwards. 


2 x l 
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(Fig. 721) are branched hairs which are visible when the cyathium is cut through 



Fio. 721 .—Euphorbia Lathyris. A , Cyathium (x 4). Ii, Cyathium cut through longitudinally 
(x 7). C, Fruit after dehiscence showing the central column (r). D, Seed in longitudinal 
section showing the embryo embedded in the endosperm ; m, caruneula (x 4). ( A-D after 
Baili.on.) 

longitudinally (Fig. 721 B). The cyathia 
are usually grouped in dichasia, and these 
in turn form an umbellate inflorescence, with 
three to many branches. It often happens 
that the female flower is only developed in 
some of the cyathia, remaining rudimentary 
in the others. Many species of Euphorbia , 
especially the African species, are succulent- 
stemmed plants resembling Cacti in general 
appearance (Fig. 723). 


Fio. 722. --Diagram of ft dichasial branch of Euphor- 
bia, with three cyathia, only the middle one of Fio. 723 .— Euphorbia resiuifem (nat. size), 
which has a fertile female flower. (After Biohi.gr.) (After Bero and Schmidt.) 

Euphorbia , like many but not all the other plants of the family, contains a 
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milky juice, which is secreted in non-septate latex-tubes (sometimes septate, e.g. 

Hcvea). This juice, which in many 
cases is poisonous, exudes wherever the 
plant is wounded. 

An important constituent of the 
SaG* latex of species of Hcvea is caoutchouc 

(cf. y2 , 48 ). As Para Rubber, obtained in 
the tropics of South America, especially 
SS r jfc in the Amazon Region, this for long 

provided about one-half of the total 
rubber supply. Now, however, the 
main supply of rubber conies from 
antP plantations of Hcvea, Ficus , and 

Castilloa , in the tropical colonies of 
other regions. In addition, Manihot 
Glazioviiy another South American 
plant of this order, which yields Ceara 
Rubber, must be mentioned. A nearly 
related plant, Manihot utilissima, , pro- 
vides in its tuberous roots a very 
important food in the tropics. The 
starch obtained from these roots forms 
mandioc or cassava meal, the finest 
varieties of which, as tapioca or Brazilian 
arrowroot, are of commercial import- 
ance. The shrub, which is a native 
of Brazil, is now cultivated through- 

Ricinus communis is a tall shrub of 
tropical Africa. In our climate it is 
annually killed by the frost. The 
hollow stem bears large palmately 
wFul divided leaves. The terminal inflores- 

ffilw/ cences (Fig. 724) are overtopped by 

'wW I® j/Y flj vegetative lateral branches. The male 

'mlTX W/ '/m/ flowers, situated towards the base, 

111 friar have a membranous calyx of 4-5 sepals, 

•3,1 JJf enclosing the branched stamens ; the 

end ea °b branch bears a theca. The 
~ '' r ^> female flowers, nearer the summit of the 

inflorescence, have 3-5 sepals and a 

large tripartite ovary. The latter is 
Fio. 724. — Ricinus communis. Inflorescence (4 n at. , , . .. . , 

aize); young fruit cut through longitudinally. covered wlth ' vart >' l ,rlckl( ' 8 « al,d bears 

three large, bifid, red stigmas. In each 

loculus of the fruit is a mottled seed with a whitish caruncula. 

Official. — Croton Eleuteria (Bahamas) yields casoarilla. C. Tiglium (East 
Indies), oleum crotonnis. oleum ricini, Castor Oil, is obtained from Ricinus 


Order 17. Columniferae 

The plants of this order possess pentamerous, actinomorphic, 
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hermaphrodite flowers. One of the two whorls of stamens, usually 
the outer one, is suppressed or only represented by staminodes, 
while the other whorl has undergone a greater or less increase in the 
number of its members by chorisis. The branching is frequently 
accompanied by cohesion of the filaments. The carpels also some- 
times exhibit an increase in number as a result of branching. The 
superior ovary is then divided into a corresponding number of loculi. 

Family 1. Malvaceae. — Characterised by the flowers with the corolla contorted 
in the bud. Protandrous. Stamens united into an epipetalous tube around the 



Fio. 7-5. — Flower of Aft horn officinalis, cut 
through longitudinally ; parts of the 
petals are removed, a, Outer; h, inner 
calyx ; petals ; >1, androecium ; /, pistil ; 
e, ovule. (After Hero and Schmidt.) 



Fio. 7iJ6.— Malvaceae. Floral diagram 
{Malm). 


ovary ; the free ends of the stamens, 
each of which bears a single reniform 
theca, project from the margin of the 
staminal tube. K 5, G 5, Aao , G (3) 
or co . Pollen - grains with spiny 
exine, so that they readily adhere to 
the hairy bodies of insects (Fig. 538). 



Fio. 7-7 . — Malm sylvcstris. a, Flower; 
b, dower-bud ; <\ fruit. (Nat. size.) 


The genus Malm , which occurs in Britain, includes perennial herbs, with long- 
stalked, palmately -veined leaves. Flowers solitary or in small cymose inflorescences, 
in the axils of leaves. Three free segments of the epicalyx. Petals usually rose- 
coloured, deeply notched (Fig. 727). In Althaea the whole plant is clothed with 
stellate hairs, giving it a soft, velvety appearance. Epicalyx of 6-9 segments 
united at the base. The fruit is a schizocarp consisting of numerous carpels 
arranged in a whorl. 

Hibiscus and Gossypium are shrubs or trees with three- to tive-lobed leaves 
with long stalks. Flowers with a large epicalyx of three segments, which com- 
pletely covers the calyx. Fruit of three to five carpels, loculicidal. Seed of 
Gossypium covered with long hairs which aid in its dispersion by the wind. 
When stripped from the seeds and cleaned these hairs form cotton wool. The most 
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important species of Cotton are G. barbadense , G. arbor cum , G. herbaceum 
(Fig. 728). 

Official. — Gossypinm herbaceum and other species yield gossypium and^ 
GOSSYPII RAD I CIS CORTEX. 

Family 2. Tiliaceae. — Plants with simple, stalked leaves provided with 
deciduous stipules. Calyx polysepalous. Aestivation of calyx and corolla valvate. 



Fio. 723.— Flowering branch and open fruit of Gonsypium herbaceum. (i nat. size.) 


Stamens completely free from one another with introrse anthers ; usually only 
the inner whorl is present and has undergone branching (Fig. 729). Style simple. 

Most of the genera are tropical. The herbaceous species of Corchorus yield 
Jute. In Britain two species of TiHa, Lime, occur. These are stately trees with 
two-ranked petiolate leaves, the stipules of whirl) are soon shed. The leaves, 
which have a serrate margin, arc asymmetrical. The inlh.n-cenrr / Fig. 7 1 A) 
is coherent with a bract for half its length ; this sor\r- ns a wing in the distribu- 
tion of the fruit. The umbel - like inllorr-c.-no.- of tin: hi me is composed of 
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dichasia ; Tilia platyphyllos has 3-7, T. parvifolia 11 or more flowers in the 
inflorescence. The hairy ovary lias two ovules in each of its five loculi. The fruit 
only contains one seed (Fig. 731 B). 

Family 3. Sterculiaceae. — This family, which is distributed in the tropics, 
resembles the Tiliaceae. Flowers with a gamosepalous calyx ; corolla twisted in 
the bud ; stamens coherent to form a tube. The antisepalous stamens are stami- 
nodial ; the antipetalous stamens are . often increased in number (Fig. 730). 
Anther extrorse. 


The most important plant is 
It is a native of tropical Central 
and South America, but has long 
been cultivated. It is a low 
tree with short-stalked, firm, 
brittle, simple leaves of large 
size, oval shape, and dark green 
colour. The young leaves are 
of a bright red colour, and, 


the Cocoa tree (I’heobroma Cacao , Fig. 732). 



Fio. 729. — Tiliaceae. Floral diagram 

(Tilia). (After Kiciiler.) 



Fh;. 730. — - 8 tcrculiaceae. 
Floral diagram (Th*o- 
broma). (After Kichi.er.) 



Fio. 731. — Tilia ulmifolia. A , Inflorescence (a), with 
bract ( b ), (nat. size). B , Longitudinal section of 

fruit (magnified); o, pericarp; p, atrophied dissepi- 
ment and ovules ; q, seed ; r, endosperm ; s, embryo ; 
t, its radicle. (After Berg and Schmidt.) 


as in many tropical trees, hang limply downwards. The flowers are borne on 
the main stem or the older branches, and arise from dormant axillary buds 
(caulifloiiy). Each petal is bulged out at the base, narrows considerably above 
this, and ends in an expanded tip. The form of the reddish flowers is thus some- 
what urn-shaped with five radiating points. The pentalocular ovary has numerous 
ovules in each loculus. As the fruit develops, the soft tissue of the septa extends 
between the single seeds ; the ripe fruit is thus unilocular and many-seeded. The 
seed-coat is filled by the embryo, which has two large, folded, brittle cotyledons. 
Cola acuminata and C. vent , natives of tropical Africa, yield the Kola nuts which 
are used in medicine. 

Official. — Oleum theobromatis is obtained from Thcobroma Cacao . 
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Order 18 . Gruinales 

The flowers of the majority of the plants belonging to this order 
are hermaphrodite, pentamerous, and radially symmetrical, with a 


Flo. 732. — Throhi'nnt't /, Stem liwiriii}' fruits. Klnwcrinj' 1 >i.*i i < ' ' -mt. Citric of 

stamens. . 7 , Stamen from anterior side. (./, 4, about nat. size ; *•.. ;;o . <-ti ; 1, greatly 

reduced.) 

superior, septate ovary. K 5, C 5, A 5 + 5, G (5). When the flowers 
are zygomorphic they frequently exhibit reduction (Tolygalaceae.). 
Stamens coherent at the base, obdiplostemonous or haplost emotions. 
Nectaries to the outer side of the stamens or as an annular disc 
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within the stamens (Eutaceae). Ovules usually pendulous, with the 
micropyle directed upwards and the raphe ventral ; or the micropyle 
is downwardly directed and the raphe dorsal. 


Family 1 . Geraniaceae. — The genera Geranium (Fig. 733) with actiuomorphic 
and Pelargonium, (Fig. 734) with dorsiventral flowers both have stalked, palmately- 
veined leaves. Erodium ( 40a ). Two ovules in each loculus. When ripe the five 
beaked carpels separate from a central column, and either open to liberate the 
seeds, or remain closed and by the hygroscopic movements of the awn-like portion 
bury the seed in the soil (Fig. 735 ; cf. Fig. 276, p. 336). 

Family 2. Linaceae. — Linum usitatissimum y Flax (Fig. 737), has long been 
in cultivation. It is an annual, and bears numerous blue flowers, which last 
only a short time, in racemose cincinni. The flower has its stamens united 
at the base and five free styles. The stem bears numerous small narrow leaves. 
The bast-fibres after proper preparation are woven into linen. The seeds from the 
5 -locular capsule yield oil, and are also official 
on account of their mucilaginous epidermis. 

Official. — Lini skmina, the seeds of 
Linum usitalissim um. 

Family 3. Erythroxylaceae.— Official.— 

Erylhroxylon Coca is a small Peruvian shrub, 




Floral diagrams of Geraniaceae. 

Km. 733 . — Uernnium Km, 734. — Pelargonium 

jirutciise. (After zonule. (After 

Ekhi.kr.) Eicmlek.) 



Fi«. 735. — Fruit of Pelargonium in- 
quinine . ( x 3. After Baillon.) 


with entire, simple leaves and axillary groups of small white flowers (Fig. 736). 
Coca ina is obtained from the leaves of this plant. 

Family 4. Zygophyllaceae. 

Official. — Guiacum sanctum and Guiacum officinale , West Indian trees with 
opposite, paripinnate leaves. They yield oitiaci lignum and guiaci hesina. 

Family 5. Rutaceae. — Important Genera. — Iluia gravcolcns (Fig. 738), the 
Rue, is a somewhat shrubby plant with pimiately-divided leaves. The terminal 
flowers of the dichasial inflorescences are pentamerous in robust examples ; all 
the other flowers are tetramerous with a large intrastaminal disc. Dicta mnus 
Fraxinella has panicles of conspicuous, dorsiventral flowers ; the carpels are free 
in their upper portions. The important genus Citrus ( 41 ) has peculiarly con- 
structed flowers (Figs. 739, 740). The numerous stamens are united in bundles 
and arranged in a single whorl. The number of carpels is also increased. The 
fruit is a berry ; the succulent portion is formed of large cells with abundant cell- 
sap which project into and fill up the loculi of the ovary. The seeds have usually 
several embryos (cf. p. 590). The leaves of many species are simple and provided 
with more or less winged petioles. Other species have trifoliate leaves, and the 
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articulation at the base of the lamina shows that the apparently simple leaves 
correspond to i in pari pinnate leaves, of which only the terminal leallet is developed. 
The thorns at the base of the leaf are derived by modification of the first leaves of 
the axillary bud. Citrus is originally an East Asiatic genus ; a number of species 
inhabit the warmer valleys of the Himalayas. All the important cultivated forms 
have been obtained from the Chinese. Citrus decumana, the Shaddock, is tropical ; 
C. medico, is the form which was known to the Greeks in the expeditions of 



nobilis , the Mandarin, is also of Chinese origin. Chimaeras, called Bizzaria , have 
been obtained by grafting between Citrus Aurantium and C. Limonum. Pilocarpus 
pennatifolius and P. jabora?idi, tree-like shrubs with large, im pari pinnate leaves, 
natives of Eastern Brazil. 

Official. — Citrus Aurantium , var, JHjnnuiin, yields auranth cokti x 
8 ICCATUS, AURANTII CORTEX RECENS, aild AQUA At KAN HI FLORI 8 . Citrus 

medica , var. limonum , gives limonis cortex, olki m limonis, and limonis 
succus. Aajle Marmelos yields f’.elae fimvtcs. 1»i « im i<>ua are obtained 


Alexander as the Median apple. 
It is now widely spread and 
has a number of varieties of 
which Citrus {mcdica) Limonum 
is the Lemon. This tree was 
(introduced into the Mediter- 
ranean region in the third or 
I fourth century. Citrus ( mcdica ) 

| Bajoura has thick-skinned fruits 
from which citron is obtained. 
Citrus Aurantium occurs in two 
distinct forms, C. ( Aurantium ) 
vulgaris (Fig. 740) and C. 
( A uranti um) sinensis . Citrus 


A , Flower. B, Amh ueciimi and 
gynaecftutn. Capsule after 
dehiscence. (. 1 , nat. size ; B, C 
XS.) 


Fjo. 730. —Erythroxylon Coca. (5 nat. size.) 
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from Barosma betulina. Pilocarpus microphyllas and Pilocarpus sp. yield Pilo- 
carpi NAE NITRAS. 

Family 6. Simarubaceae. — Contain 
bitter principles. Quassia amara 
(Surinam) (Fig. 741), a small tree with 
beautiful leaves and showy flowers. 

Official.— Quassiae lignum from 
Picracna excelsa (West Indies). 

Family 7. Burseraceae. — Woody 
plants with resin passages. Commi- 
phora abyssinica and C. Schimperi are 
trees found in Arabian East Africa. 
Boswellia Carter i and B. Bhau Dajianae 
are small trees from the same region 
which yield olibanum. Canarium. 

Official. — Myruha, Myrrh, from 
Commiphora Myrrha and other species. 

Family 8. Polygalaceae. — K5, C3, 
A (8), G (2). The two lateral sepals are 
petaloid. Three petals, the lowest of 


Fhj. 739 — Floral diagram of Cttius 
Fru. 738 .-linta graveoJens. (J nat. sue.) vulgaris . (After Eichler.) 

which forms a keel. Stamens 
eight, coherent into a tube 
(Figs. 742- 744). Polyyala 
chamaebuxus is a small 
shrubby plant occurring in 
the Alps. P. vulgaris and 
P. amara occur in Britain. 

0 f f i c i a l. — Po lyga l a 
Senega (North America) yields 
SKNKGAE RADIX. 

Family 9. Sapindaceae. 

— Tropical. — The crushed 
seeds of Paullinia cupana , 
a liane of Brazil, yield 
CAFFEINA. 

Family 10. Anacardiaceae. 

— Mostly tropical. Mangifera 
indica ; Rhus toxicodendron ; 

Pistacia. 

Family 11. Aquifoliaceae. 

— Ilex aquifolium . The 





Fio. 740.— Citrus (Aurantium) vulgaris. Q nat. size.) 
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Holly, an evergreen shrub or tree of Western Europe (Fig. 745). J. paragaariensis 
yields Paraguay Tea or Mat£. 

Family 12. Aceraceae. — Include Maples and Sycamores with their character- 
istically winged fruits (Fig. 746). 



Fjo. 741 . — Quassia omn rt (. (Nat. size. After Hr.eo ;umI Si iimim.) 

Family 13. Hippocastanaceae. — The Horse-chestnut. Aesculushippocastnmun. 
Family 14. Celastraceae. 

Official . — Euonymus Atropurpureus yields euonymi Unirnex. 


Order 19. Rhamnales 

This order is characterised by the single whorl of antipetalous 
stamens and the intrastaminal disc. 
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Family 1 . Rhamnaceae. — The only native genus of this family, 
which is distributed in the tropics, is Rharnnus. 


Rh . F rang ala (Figs. 747 B , 748, 749), the Berry-bearing 
Alder, is a shrub with alternate, entire leaves provided 
with small stipules. The flowers are solitary or in groups 
in the axils of the leaves; pentamerous, with two or three 
carpels. The floral receptacle forms a cup-shaped disc. 
Two (less commonly three) carpels ; stigma undivided. 
Fruit, a drupe with two or three seeds. Rh. eathartica has 



Fig. 742.— Floral diagram of Polygala myrtifolin. (After Eichler.) 



Fig. 743. — Polygala Senega. A, Flower; a, small; b, large sepals; 
r, keel ; e, lateral petals ; rf, androeeium. B t Androeeium ; k , anthers 
(maguitied). (After 13er<j and Schmidt.) 


O 



m 


Fig. 745.— Floral diagram of Ilex aquifolivvi. 
(After Eichler.) 


Fig. 744 . — Polygala Senega. 
($ nat. size.) 


usually spiny branches bearing opposite leaves with serrate margins. Flowers 
tetramerous throughout (Fig. 747 A ), dioecious by suppression of stamens or 
carpels; female flower with four free styles and a four-seeded drupe. Seeds with 
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a dorsal raphe. Colletia spinosa and C. cruciata are xeromorphic, leafless South 
American shrubs. 

Official. — JRhamnns Purshianns yields cascaiia sagrada or rhamni 

PUR8HIANI CORTEX. 



Fig. 746. — Acer pseudoplatanus (k nat. size). 1, Branch with pendulous terminal inflorescence. 
2, Male flower, ft, Female flower. 4, Fruit. 6, Floral diagram. (2 and .? enlarged.) (After 
Eichler.) 


Family 2. Vit&ceae (Figs. 750, 751). — The genera VUis ( 41 “), Ampelopsis, and 
Parthenocissus in the northern hemisphere and the tropical genus Cissus belong 
here. VUis vinifera , the Grape Vine, is a cultivated plant with numerous races 
and varieties. The tendrils correspond to shoots and stand opposite to the 
leaves ; they are at first terminal, but become displaced to one side by the develop- 
ment of the axillary shoot. The inflorescence is a panicle taking the place of a 
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tendril ; intermediate forms between inflorescences and tendrils are of frequent 
occurrence. Calyx only represented by a small rim ; the pentamerous corolla, 
with the petals united by their tips, is thrown off when the flower opens. Raisins 
are obtained from Vitis vini/era. 

Currants are the seedless fruits of 
Vitis vini/era , var. apyrena. Species 
of Parthenocissus distributed in 
North America and Asia go by the 
name of Wild Vines ; some of them 
have tendrils with adhesive discs 
(Fig. 203). 


Order 20. Umbelliflorae 



Fio. 747. — Floral diagrams of A, Rhummut cathartica 
(represented as hermaphrodite), and B, Jlh. 
Frangula. (After En hi.er.) 


Inflorescence as a rule an 
umbel. Flowers hermaphro- 
dite, actinomorphic ; a single whorl of stamens and an inferior bilocular 
ovary, the upper surface of which forms the nectary. Carpels 

two. A single pendulous 
ovule in each loculus. 

Family 1 . Cornaceae.— 
Cornns mas , the Cornelian 
Cherry (Fig. 752), expands its 
umbels of tetramerous yellow 
flowers before the leaves appear. 
Each umbel is subtended by 
four bracts. The inflorescences 
for the succeeding year are 
already present in the axils of 
the leaves by the time the fruit 
is ripe. In Britain tvo species 




Flu. 7 18 . — Rhamnus Fmngula (i nat. size). ^Flowering 
branch and portion of a brunch beat ing fruits. 


Flo. 740.— Rhamnus Fixuiguhi. Flower 
cut through longitudinally, a, Re- 
ceptacle ; b, eal\ \ ; c, ]>etal ; </, a 
stamen; e, pistil (magnified). (After 
Burg and Schmidt.) 


of Cornus occur : C. sanguined , the Dogwood, and C. suecica, an arctic and alpine 
plant which reaches its southern limit in Germany. 

Family 2. Araliaceae. — In Britain the only representative of the family is the 
Ivy ( Hcdera Jlehx) ( 42 ), a root-climber. The elliptical pointed leaf-torm appears 
on the orthotropous shoots of older plants, which in late summer or autumn 

2 Y 





Fig. 753.— Umbelliferae. Floral 
diagram (SUer). (After Noll.) 


Fio. 754.— Fruits of Umbelliferae in cross-section. I, Foemculum 
capillaceum. 2, Pimpinella anisum. S , Conium maculatum. 
It, Coriandrum sativum (4 modified after a figure by Drudb). 


during the winter and become blackish-blue berries ; these are eaten by birds and 
in this way the seeds are distributed. 
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Family 3. Umbelliferae ( 42a ). — Herbaceous plants, sometimes of 
large size. The stem, which has hollow internodes and enlarged 
nodes, bears alternate leaves ; these completely encircle the stem with 
their sheathing base, which is often of large size. The leaves are oidy 
rarely simple ; usually they are highly compound. Inflorescence 
terminal, frequently overtopped by the next younger lateral shoot. 
It is an umbel, or more frequently 
a compound umbel, the bracts 
forming the involucre and partial 
involucres, or an involucre may be 
wanting. Flowers white, greenish, 
or yellow ; other colours are rare. 

K 5, C 5, A 5, 0(2). The sepals 
are usually represented by short 
teeth. The flowers at the circum- 
ference of the compound umbel 
sometimes become zygomorphic by 
the enlargement of the outwardly 
directed petals. Ovary always 
bicarpellary and bilocular; in each 
loculus a single ovule which hangs 
from the median septum with its 
micropyle directed upwards and 
outwards. The upper surface of 
the carpels is occupied by a swollen, 
nectar-secreting disc continuing into 
the longer or shorter styles, which 
terminate in spherical stigmas. 

Fruit, a schizocarp, splitting in the 
plane of the septum into two 
partial fruits or mericarps. In 
many cases the latter remain for 
a time attached to the carpophore, f w. 7. r >*>. -carum mm ($ nat. size). in- 

whieh originates from the central florescence bearing fruits. Single flower, 

. ° ami carpophore bearing the mericarps 

portion of the septum ; this (enlarged), 

separates from the rest of the 

septum and bears the mericarps hanging from its upper forked end 
(Figs 753-758). 

The main areas of distribution of the Umbelliferae are the 
steppe region of Western Asia, .Central North America, Chile, and 
Australia. 

For systematic purposes the fiuits are of great importance. Each half of the 
fruit has five ribs, beneath which the vascular bundles lie. The marginal ribs of 
each partial fruit frequently lie close together at the septum or they may be 
distinct ; they may resemble the three dorsal ribs or differ more or less from them. 
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Between the five primary ribs four secondary ribs are sometimes present. Usually 
furrows (valleculae) occur between the ridges, and beneath each furrow a large oil- 
duot (vitta) is found, extending the whole length of the fruit. On either side of 
the carpophore a similar oil-duct is present in the septum, so that each mericarp 
has six of these vittae (Fig. 754, 1). In some species additional small ducts arc 



Fio. 7 5&.—Cicuta virosa. Rhizome cut through longitudinally (£ nat. size). Fruit (enlarged). 

Poisonous. 

present (Fig. 754, 2, 3). The form of the fruit as seen in a cross-section differs 
according to whether the diameter is greater in the plane of the septum or at 
right angles to this. The character of the marginal and dorsal ridges and the 
presence or absence of secondary ridges or vittae serve to distinguish the fruits, 
and are indispensable aids in determining the species. Since many of the 
fruits are employed in medicine or as spices, while others are poisonous, their 
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distinction becomes a matter of importance. The endosperm of the seeds contains 
a fatty oil as reserve-material. 

In the following genera the endosperm is flat or slightly convex on the ventral 
side (Fig. 754, 1, 2). Pimpimlla , Burnet-Saxifrage. P. anisum , Anise, is an 
annual plant, the seedlings of which exhibit increasing subdivision of the lamina 
in successive leaves. Carum carvi , Carraway, has long been cultivated (Fig. 
755) ; leaves bipinnate, the lowest pinnae resembling stipules. The large lower 
pinnules are usually placed horizontally on the vertical rachis of the leaf; the 



Fio. 757 . — Aethusa njnapium (3 nat. size). li, Single umbel. C, Fruit (enlarged). Poisosovs. 

terminal pinnules are simple and linear. The terminal umbel, the flowers of 
which open first, is overtopped by the lateral umbels arising from the leaf-axils. 
Biennial. Foeniculum (Fennel) and Levisticum (Lovage) have yellow flowers. 
Pctroselinum (Parsley), Pastinaca (Parsnip), Daunts (Carrot), Apium (Celery), 
and Anethum (Dill), are used as vegetables. Cicuta (Water-Hemlock, Fig. 756), 
Sium (Water-Parsnip), Oenanthc and Berula , are marsh- or water-plants. Aethusa 
cynapium (Fool’s Parsley, Fig. 757) has the ribs of the fruit keeled ; umbels 
with three elongated, linear, involucral leaves directed outwards. All the last- 
named plants are poisonous. Archangelica ojjicinalis % which is used for food in 
the far north, is a conspicuous plant, reaching a height of two metres, with large. 


694 


BOTANY 


PART II 


bipinnate leaves provided with saccate sheathing bases ; the greenish flowers are 
markedly protandrous. 

In the following genera the ventral side of the endosperm is traversed by 
a longitudinal groove. Scandix , Anthriscns (Beaked Parsley), Chaerophyllum 
(Chervil). Conium maculatwn , the Hemlock, is a biennial plant, often of con- 



Fio. 758. — Conium marulatum (£ nat. size). I'oi&onois. 

siderable height ; it is completely glabrous, the stem and leaf-stalks often with 
purple spots ; leaves dull green, bi- to tri-pinnate. The ultimate segments end in 
a small, colourless, bristle-like tip. Fruit with wavy, crenate ridges and without 
oil-ducts in the valleculae. The whole plant has a peculiar, unpleasant odour 
(Fig. 758). 

The ventral side of the endosperm is concave (Fig. 754, 4). Coriandrum 
sativum is an annual plant ; flowers zygomorphic owing to the enlargement of the 
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sepals and petals at the periphery of the umbel. Fruit spherical ; mericarps 
closely united, with ill-marked primary ridges and somewhat more distinct 
secondary ridges. 

Official. — Ferula foelida (Persia), asafktida. Dorema, Ammoniacum 
(Persia), ammoniacum. Pimpinella Anisum , 
anisi fructus. Coriandrum sativum, cori- 
andri fructus. Fotniculum vulgare, foeni- 
culi fructus. Carum carvi, carui fructus. 

Carum copticum , thymol, oleum ajowan. 

Anethum ( Peucedanum ) graveolens , anethi 
fructus. 

B. Sympetalae 

The only character common to the 
Sympetalae is the gamopetalous corolla. 

The first three orders, the Primulales, Bicornes, and Diospyrales 
have as a rule five whorls of members in their flowers and are 

classed as Pentacyclicae. All the 

other Sympetalae have only one 
staminal whorl and are therefore 

termed Tetracyclicae. The Sympetalae 
have as a rule ovules with only one 
integument. It is clear that the Sym- 
petalae do not constitute a natural group 
and frequent attempts have been made 
to distribute them in relation to the 
various series of the Choripetalae. In 
the survey given at the beginning of 
the system the connections of various 
orders of Sympetalae to the Choripetalae 
is indicated so far as these seem prob- 
able on morphological and serological 
grounds. Since the Primulales and 
the Bicornes both possess some chori- 
petalous genera and species, these 
orders stand nearest to the Choripetalae. 
The Primulales connect with the Cen- 
trospermae by reason of the free-central 
placentation. The poricidal anthers 
that characterise the Bicornes are met 
with in some, but not all, Guttiferae, so that a connection with this 
group of Choripetalae seems possible. 

A . Pentacyclicae 

Order 21. Primulales 

Family 1 . Primulace&e. — The floral diagram (Fig. 759) shows only one whorl 
of stamens ; these stand opposite the petals, the outer whorl of stamens being absent. 



F it :. 7 <K). --.4 tuujall is a rve nsis 
(i nat. size). Longitudinal 
section of flower, and cap- 
sule at dehiscence (en- 
larged). 
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The free-central placentation is characteristic. The genus Primula is widely 
distributed ; the British species show the superior unilocular ovary with a single 
style, characteristic of the family ; dimorphic lieterostyly (Fig. 567). Anagallis 
(Fig. 760), capsule opens by a lid. Cyclamen (Fig. 761). The uncooked tubers of 


~dl. — Cyclamen europaevm. A, Entire plant (reduced). Fruit with spirally coiled stalk 
that carries it: into the soil. (After Run hknuacii.) 1‘ojaosor.s. 

Cyclamen , the plant of Anagallis , and the glandular hairs of a number of species of 
Primula (P. obconica , Corthusa matthioli 43 ) are poisonous. 

Order 22. Bicornes 

Family 1. Ericaceae (* 4 ). — Evergreen, shrubby plants with small, often needle* 
shapedleaves. Anthers characterised by the possession of an “exothecium ” (p. 554), 
opening by pores or splits, frequently provided with horn-like appendages, on 
which account the group is also termed Bicornes. 

Flowers which are pentamerous in all five whorls are found in the species of 
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Fio. 762. — Arcfnst'!}'’’. i. 1, Flowering branch. 2, Flower in longitudinal section. 3, 

Pollen tetrad. 4, Fni... , t •: nit in transverse section. (2*5 enlarged. After Bero and Schmidt.) 


Rhododendron or Alpine Rose, in Ledum palustre, and Andromeda ; all these have a 
capsular fruit derived from the superior ovary. Arciostaphylos Uva-ursi is similar, 
but the fruit is a drupe (Fig. 762). Pentamerous flowers with an inferior ovary 
which becomes a berry are found in the genus Vaccinium (Fig. 763), V, vitis idea , 
Cowberry, V. myrtillus, Blaeberry. The remains of the calyx persist on the 


summit of the fruit. A reduction of the number of members of the whorls to four 
is met with in the genus Erica with a superior ovary, many species being native 
to the Mediterranean region and the Cape. Erica tciralix is distinguished from 
the closely related Heather, Calluna vulgaris , by its 
corolla being longer than the calyx ; both are abundant 
in Britain. 

Official. — A retosfaphylos Uva-ursi yields tvae 
Vital FOLIA. 

Order 23. DiospyraleB 

The Sapotaceae is a tropical family ; the plants 
contain latex. Species of Palaquiurn (Fig. 764) and 
Payena from the Malayan Archipelago are the trees 
from which gutta-percha is obtained. Balata is 
obtained from Mi mu sops ; trees found throughout the 
tropics. 

Ebenaceae.— Diospyrvs Kaki is a Japanese fruit tree 



Fiu. 763. 1 

1 'dec ini u in ( i 

Noll.) 


J). Plenum, ebony. 


Styracaceae.— -Official — bknzoinum from siurtte Par." 


B. Tetracyclieae 

Plants, the flowers of which have four whorls of members. Those 
with a superior ovary may be placed first. There are always two 
carpels present ; the flowers may be actinomorphic or zygomorphic. 
The actinomorphic forms may be treated first. 


1. Ovary Superior 

Order 24. Contortae 

Plants with decussate, usually simple leaves and actinomorphic 
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According to serological discoveries the families are related. Derivation from 
the Choripetalae leads to forms with two superior carpels ( Mercuriality Polygalaceac, 
Aceraceae, etc., Gruinales); those with contorted aestivation (Malvaceae) and those 
with the androecium adherent to the corolla (Columniferae). Thus the orders 
Columniferae and Gruinales may be regarded as related to the Contortae. 

Family 1 . Oleaceae. — This is readily recognised by the two stamens. The 


Bowers, the corolla of which is often contorted in the bud. Stamens 
epipetalous. Carpels two, superior. Frequently with bi-collateral 
vascular bundles, or strands of sieve-tubes in the wood. 


I'm. 7<>j. Pnl<«nii.inn ti'utta. (4 nat. size. Alt **r A. Mkykk.'iihI Schumann.) 
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corolla is usually tetrainerous as is shown in the floral diagram of Syringa (Fig. 
765). Besides Ligustrum, Jasminum and Syringa , Olea europaea, the Olive Tree 
or Olive, is the most important plant of the family (Fig. 766). It is a native of 
the Mediterranean region, where it is also cultivated. The flower and fruit 
correspond to the type for the family (Fig. 766, 767). The drupe contains a fatty 
oil both in the succulent exocarp and in the endosperm (Fig. 768). Fraxinus , the 
Ash, differs from the type of the 
order in having pinnate leaves : 

F '. excelsior has apetalous, anemo Am 

philous flowers, which appem fmM 

before the leaves. F. ornuSj the %1H 

Flowering Ash, has a double . fffSjS 

perianth and is entomophilous ; I 


Flu. 705.— Oleaceae. 
Floral diagram {Syringa). 


Fi<;. 700 . — Ole a envoi* ua in fruit nat. size). 


semii radix is obtained from Gclscnrimn nitidum , which is a native of North 
America. 

Family 3. Gentianaceae. — This is recognisable by the unilocular ovary and the 
clearly contorted corolla when in bud (Fig. 771). Gentiana ( 46 ) is a genus with 
numerous species, the large, brightly coloured, usually blue flowers of which are a 
feature of the flora of the Alps. Erythraea , Centaury. Menyanthrs , Bog-Bean. 
Limnanthemum , aquatic plants with floating leaves. 

Offictat . — Ocnt.imia lutca and other species yield gentian ve radix. Chikata 
is obtained from Sirrrfia chinitn (North India). 

Family 4. Apocynaceae. — Evergreen plants with latex. Especially numerous 
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in the tropics. Stigma ring-shaped. Carpels only united in the region of the 
style, free below and separating after fertilisation. Usually two follicles with 





c. 767 .— Olea europaea. A , Corolla spread out. 
By Calyx and ovary in longitudinal section. (En- 
larged. After Enolkr-Prantl.) 


Fin. 768 .— Olea europaea. Drupe, h, Stone. 


numerous seeds provided with a tuft of hairs (Fig. 774). 

The only British species is Vinca minor , the ever-green Periwinkle, occur 
ring in woods (Fig. 772). ggg|l , [ 

Ncrium oleander (Fig. 773), j f • - 

a native of the Mediter \ " , ' yS 

ranean region. The floating g ‘ , , ’ / / 

fruit of Gerber a Odollam, j ' x / / 

from the mangrove vegeta- , / jr 

tion, is shown in Fig. 613. v \ / 

Offici a L.-Slrophan- ^ j y ' / 

thus kombe ( 47 ) (Fig. 774), v y j/ 

lianes of tropical Africa, s N 

yield STROPHANTHI SEMINA. "Vi ' 

Alston I A is obtained from y 8® | , \ / ) ^ $ 

Alstonia scholaris. //? , y// | ' 

Caoutchouc (*-• 48 ), is I 

obtained from Kickxia clas- \ { ^ / «.* y 


-Strychnos nux vomica (A nat. size). Fruit and seed 
whole and in cross-section. Voisosovs. 


"ri'.—Fraxinus ornus. 
Flower and fruit. 


tica and other species, trees of tropical West Africa. It is also obtained from 
numerous species of Landolphia ( L . Kirkii , Heudelotii , comorensis , etc.), and 
species of Carpodinus from tropical Africa. Hancornia speciosa , a tree of the dry 
Brazilian Campos, and Willoughbeia Jirma, W. Jlavescens , and other species of 
this Malayan genus of lianes, are also rubber-yielding plants. Gutta-percha 
is present in the latex of Tabcrnaemontana Donnell Smiihii, Central America. 
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Family 5. Asclepiadaceae. — Similar and closely related to the Apocynaceae but 
differing in the carpels being free, only united by the prismatic stigma (Fig. 775). 
Stamens united at the base, with dorsal, nectar-secreting appendages forming a 
corona. The pollen of each pollen-sac is united into a pollinium, the stalk of which 
is attached to a glandular swelling (adhesive disc) of the angular stigma. These 
adhesive discs alternate with the stamens 
so that the two pollinia attached to each 
disc belong to the halves of two adjoining 
stamens. Visiting insects remove the 
■pollinia, as in the Orchidaccae, and 
carry them to another flower (Fig. 775). 

Vincetoxicum officinale (Fig. 776) is a 
European herb with inconspicuous white 
flowers and hairy seeds which are borne 
in follicles ; poisonous. Other Asclepiad- 
aceae are mostly tropical or sub-tropical. 

The succulent species of Stapelia, 

Hoodia , Trichocaulon ) etc. (pp. 165-66, 

Fig. 194 «), which resemble Cactaceae in 
habit, and inhabit South African deserts, 
and Dischulia rafficsiana ( 49 ), the peculiar 



Fio. 771. > a and ft, 

Flower - buds (nnt. size), showing 
calyx (<f) and twisted corolla (ft); 
r, transviTsr section of ovary. 
(Afti t and Schmiut.) 



Fio. 77-.— Fi 


r (3 nat. si/e). 


pitcher-plant of the Malayan region (p. 175, Fig. 206), the pitchers of which serve 
to condense water, deserve special mention. Hoya carnosa and many species of 
Ceropcgia are frequently cultivated. 

Corresponding; to tin* artinomorphic Contortae as further derived 
forms are the Tubitlorai* and IVrsonatae which are mostly zygomorphic ; 
these also can thus be traced back to the Columnifonie and 
Gruinalcs. 
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Order 25. Tubiflorae 

Flowers pentamerous, actinomorphic, or zygomorphic. Carpels two. 
Ovary superior, bilocular, with two ovules, which are frequently 



Fig. 778.— Nerium oleander (£ nat. six**). I'tuso.xot s. 


separated by a false septum, in each loculus. The normal number of 
stamens is reduced in the zygomorphic flowers to four or two. 

Family 1 . Convolvulaceae.— Many of the plants of this family are twining 
plants with alternate sagittate leaves and wide, actinomorphic, funnel shaped 
corolla, which is longitudinally folded in the bud. Ovules erect ; fruit, a capsule. 
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Convolvulus arvensis, a perennial, twining, herbaceous plant occurring every- 
where by waysides, and as a weed in cornfields. Flowers solitary, long-stalked, 
situated in the axils of the leaves and sometimes in the axils of the bracteoles of 


another flower. Calystcgia has two large bracteoles placed immediately beneath 
the calyx. C. sepium. The Dodder (Cuscuta) is a slender parasitic plant, with 
slender stems and clusters of small flowers, which attaches itself by means of 
haustoria to a number of different host-plants (Fig. 214). Ipomoea : several 
species are cultivated as ornamental plants. L pemprae is one of the strand- 
plants of tropical countries. Pharbitis is closely related (p. 34(1, Fig. 282). 
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Official. — Jalapa is obtained from Ipomoea ( Exogonium ) purga (Fig. 777), a 
twining plant, with tuberous lateral roots, occurring on the wooded eastern slopes 
of the Mexican tableland. Ipomoea hederacea yields kaladana, I. orizabensis 


Flo. 775. — Asclcpin* ch rn**< ri> <t, J, Flower: androeeeum ( • I'. Calyx and -yuaeremn ; 

fn, ovary; k , adhesive discs (x 0). C, Pollinia (more highly magnilied). (Afi*»r Haii.i.on. ) 

yields ipomoea radix, I. turpethum yields turpeth. Scammoniak radix is 
the dried root of Convolvulus Scammonia (Asia Minor). 


-Ipomoea (k.rogonnnn) purga (}. nut. size. After 
Iir.r.t. and Si km i m ). 


Family 2. Boraginaceae. — Contains herbs usually covered with coarse hairs. 
Symphytum (Comfrey), Borago (Borage), Anchusa (Alkanet), Myosotis (Forget- 
me-not) with actinomorphic flowers, and Echium , in which the flowers are slightly 
zygomorphic, are among the commonest and most conspicuous herbaceous plants 
of our flora; inflorescence a cincinnus or double cincinnus. Petals frequently 
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provided with scales standing in the throat of the corolla. Ovary always bilocular 
but divided by false septa into four one-seeded nutlets. The style springs from 
the midst of the four-lobed ovary (Fig. 778). 


Family 3. Verbenaceae. — Clearly dorsiventral flowers, with only four stamens; 



the ovary contains only four ovules (Fig. 779 A), 
but the style is terminal. Tectona grcindis , Teak- 
tree ; Avicennia ( 49 ) a viviparous mangrove plant. 

Family 4. Labiatae. — Distributed over 
the earth. Herbs or shrubs with quad- 
rangular stems and decussate leaves 
without stipules. Leaves simple ; plants 



often aromatic owing to the presence of 
glandular hairs. The small inflorescences 
are dichasia or double cincinni. Flower 
zygomorphic (Fig. 779 B). Calyx gamo- 
sepalous, with five teeth ; corolla two- 
lipped, the upper lip consisting of two, 
the lower of three petals ; stamens in two 
pairs, two long and two short, rarely 


o 


A 


B 



Kit*. 778. — Houvjo officinalis, a, Fit.. 770.-- Floial tlia^ri ams of (.1) Verbena officinalis (after 

Flower ; b ami r, fruit (nat. M/e). Eu hi eh), and (li) l.auuum (Labiatae) (after Noli.). 


only two ( Salvia , Jtosmarinus). The ovary (Fig. 779 JB) corresponds 
to that of the Boraginaceae and Verbenaceae ; it has a ring-shaped 
nectary at the base. 

The Labiatae include a considerable proportion of our commonest native 
spring and summer flowers ; L annum, Galcojisis (Fig. 780), and Stachps have 
the upper lip helmet-shaped, Ajuga has it very short, while in Teucrium the 
upper lip is deeply divided. Xepcta and Glcchoma difler from the majority of 
the order, in having the posterior stamens longer than those of the anterior 
pair. Salvia, Sage, has the two stamens that remain peculiarly constructed 
in relation to pollination (cf. p. 567, Fig. 562, Fig. 782). Many Labiatae are of 
value on account of their aromatic properties. They are especially abundant 
in the xerophytic formation of shrubby plants in the Mediterianean region to 
which the name Maquis is given. 

Official. — ttosmarinus officinalis yields oleum rosmaiuni. Lavandula vera 

2 z 
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(Fig. 781) (Mediterranean region y oleum 
LA VANIK’ LAE. Mentha piperita, oleum 
MI’.N i n u: I'lIT.KITAL. M. riridtS, OLEUM 
MHSiiiAK Vilnius. M. arirns is and 
var>. piperaserns and t/lahrata yield 
menthol. Tin/ in ns rut /jar is and .Mon- 
arda punctata yield thymol. 


Order 26. Personatae 

The Personatae also include 
forms with actinomorphic and 
zygomorphic flowers. There are, 
however, no false septa in the 
ovary, and the number of ovules is 
usually a larger one. 

Family 1. Solanaceae. — Herbs 
or small woody plants, with nearly 
always actinomorphic tiowers. 
Petals plaited. Ovary bilocular, 
septum inclined obliquely to the 
median plane (Fig. 783). Fruit, 
a capsule or a berry. Seeds with 
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endosperm ; embryo usually curved. Anatomically the order is 
characterised by possessing bicollateral 
vascular bundles. 


Many species of Solanum occur as weeds. 

Flowers actinomorphic ; fruit, a berry. S. nigrum , 

Night-shade. S. dulcamara, Bitter-sweet (Fig. 784). 

S. tuberosum , the Potato. S. Lycopcrsicvm ( 5W ), the 
Tomato. On graft-hybrids, periclina] chimueras and 
gigas- forms of Solanum , of. p. 301. Tlie Deadly 
Night-shade, Atropa belladonna (Fig. 786), a very 
])oisonous shrubby plant occurring in Europe, is 
recognisable by the actinomorphic flowers, with a 
short, wide, tubular corolla of a dirty purple colour 
and the shining black berries. The main shoot 
is, to begin with, radial, but branches below the 
terminal flower into, as a rule, three equally 
vigorous lateral shoots, which exhibit further 
citncinnal branching. By the carrying up of the 
subtending bract upon the lateral shoot an 
appearance of paired leaves is, brought about. 

Capsicum annuum , Spanish Pepper, has a dry, 
berry-like fruit. It resembles Atropa in its 
branching and the position of its leaves. Datura 
Stramonium, Thorn-apple (Fig. 786), is an annual 
plant, widely spread in Europe, Asia, and North 
America. It has incised, palmately-veined leaves, 
large, white, terminal flowers, and spiny fruits. 

Nicotimia tabacum (Fig. 787) is a Soutli American 
plant with numerous cultivated varieties t 50 ")- 
Its large alternate leaves, which bear numerous 
glandular hairs, form tukacco, after being dried 
and fermented, Hyoscyamus niger , the Henbane 
(Fig. 788), is an annual 
poisonous plant of the 
old world. The alter- 
nate, sessile leaves are 
clothed with glandu- 
lar hairs. Flowers 
slightly zygomorphie, 
of dull yellowish- 
violet colour with 
darker markings ; in- 
florescence, a cin- 
cinnus. Fruit, a 
pyxidium. 

All Solanaeear are 
more or less poisonous, 
partly on account of Fin. 782. Stilria officinalis. Flowering shoot (i nnt. si. -oV Tubular 

corolla slii open to display the • 

tlie presence, ot con- 1 1 • 

siderablu amounts of alkaloids which aroused in medicim. > h * ui bountum, 
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Alropa , Datura , ID/oscna m ns, and Nicotiana are among the most poisonous 
plants met with in this country. 

Official. — Capsicum minimum, yields cai’kkt 
fiiuctus. Atropa Belladonna yields bell ados n ae 
folia, belladonnae radix, and atropina. Datura 
Stramonium yields stramonii folia. D. fastuosa f 
var. alba , yields datura folia and datura semina. 
D. Meld yields datura folia. Hyoseyamus niger , 
HYOSCYAMI FOLIA. 

Family 2. Scrophulariaceae. — Flowers 
zygomorphie. Corolla not plaited in the bud. 

Fit;. * 83. — SolaiKiecar. Floral A. ° . 1 . . r . . . 

diagram (petunia). (After Number of stamens nearly always incomplete. 
Soli..) Carpels median. Fruit, a bilocular capsule. 

Verbascum (Fig. 789, 790 A), the Mullein; biennial herbs, which in the first 
season form a largo rosette of woolly leaves from which the erect inflorescence arises 




Fit.. 781. — Solanmn. diilrariutrii (\ nat. size). Poisoyocs. 


in the second year. The single Mowers have live stamens, and are only slightly 
zygomorphic ; the three posterior stamens have hairy li laments, and are further 
distinguished from the two anterior stamens 1 >y the transverse position of their 
anthei's. Scrophularia, Linar ia, and Antirrhinum ha ve a t wo- lipped corolla, with 
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four stamens. Mimulus and Torenia, with irritable stigma (cf. p. 366). Maurandia 
climbs by means of its petioles. Digitalis , Foxglove (Fig. 791), has an obliquely 



Fit;. 7 - I', i llation na (\ liat. size). ]'(>l.<osoVS. 

eampanulate corolla and tour stamens. The (lowers hang from one side of the 
ascending raceme, which is produced in the second year. Gratiola (Fig. 790 B) and 
IVronica with only two fertile stamens. 
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A special group includes a number of closely related genera which have 
adopted a more or less completely parasitic mode of life. The most completely 
parasitic form is Lathraea ( ;,I ) J the species of which have no trace of chlorophyll ; 
L. sgua maria , the Tooth wort, is parasitic on the roots of the Hazel. Many ( e.g . 
Tuzzia, Batista, Euphrasia , Odontites , Bedicularis , Melampyrum , Alectorolophus ) 
are semiparasitic. Although they possess green leaves they attach themselves 
by means of hailstorm to the roots of other plants. On the specially developed 
haustoria in the ovules of some of these plants of. Fig. 597. 

Official. — Digitalis purpurea yields digitalis folia. Piero rhizu kurroa 


yields ficuorhiza. 

Family 6. Orobanchaceae. — 



Fig. 786 .— Datura Stramonium. Ripe 
fruit opening (£ nat. size). 
Po/soxous. 


Root- parasites, without chlorophyll. Flower as 
in the Serophulariaceae, but with a unilocular 
ovary. Several British species of Orobanche , 
parasitic on various host-plants (Fig. 792). 

Family 4. Lentibulariaceae. — Marsh- or water- 
plants. They capture and digest insects. Utricu- 
laria ( 52 ), Pincjuicula. Tropical species of Utri- 
cularia occur as epiphytes. 

Family 5. Plantaginaceae. — Reduced forms. 
Litorclla lacustris . Plantajo, Plantain (Fig. 566); 
anemophilous and protogynous. 

Official. — Plantago ovata yields ispaghula. 

2. Ovary Inferior 

Order 27. Rubiales 

This order is related to the Umbel}i- 
florae, where also the ovary is inferior. 
The flowers are tetraraerous or pen ta- 
mer ous ; the numbers of stamens and 
carpels vary in the zygomorphic (Capri- 
foliaceae) and asymmetric (Valerianaceae) 
flowers. 


The connection of the families of the Rubiales has been proved by serodiagnostic 
investigations. 

The connection between the Umbelliferae and the Rubiaceae is supported by 
the occurrence in both of tetracyclic flowers, of a bicarpellary, inferior ovary, and of 
ovules with only one integument. To these characters may be added the expansion 
of the leaf-base appearing as stipules in the Rubiaceae and as a leaf-slieath in the 
Umbel li florae. 


Family 1 . Rubiaceae ( ,r>3 ). — Herbs, shrubs, or trees, with simple 
decussate leaves and stipules. Flowers actinomorphic. Ovary bilocular. 

The few native Rubiaceae all belong to the group represented by 
Asperula (Woodruff), Galium and Rubia. These genera arc characterised 
by the resemblance of the stipules to the leaves ; usually a whorl of 
six members is borne at each node, but sometimes it is reduced 
to four by the union of the stipules in pairs; the numbers may, 
however, vary. 
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Fio.,788 . — Hyoscyamus niger. Flow**riiu shout ami fruit (A nat. siz-). r»/soxor.s. 



b, calyx ami style (nat. size). (Aft<-r fl. 
SCHENCK.) 




PAET II 


In the tropics the 
Rubiaceae are abundantly 
represented by trees, 
shrubs, climbers, and 
epiphytes. 

One of the moat important 
Rubiaceae is Cinchona , a 
genus from the South Ameri- 
can Andes, now cultivated in 
the mountains of nearly all 
tropical colonies (Fig. 793). 
Fruit, a capsule, with winged 
seeds (Fig. 794). Coffea ) the 
Coffee plant, is a shrub ; C. 
arabica (Fig. 795) and C. libc- 
rim are important economic 
plants, originally derived 
from Africa, and now culti- 
vated throughout the tropics. 
The fruits are two-seeded 
drupes. The pericarp be- 
comes differentiated into a 
succulent exocarp and a thin 
stony endocarp, which encloses 
the two seeds with their thin 
silvery seed-coats. These are 
the coffee-beans. The note- 
worthy tuberous epiphytic 
plants Hydnophytum and 
Myrmccodia ( 63 ) have also 
succulent fruits ; according 
to the most recent investiga- 
tions they utilise the excreta 
of the ants which inhabit the 
cavities in the stems. Species 
of Psychotria and Pavctta ( R3<1 ) 
are also of physiological 
interest on account of the 
nitrogen-fixing bacteria har- 
boured in their leaves. The 
association is more highly 
organised than that of the 
LeguminoMit* u it h t he. bacteria 

in their root -nodules, in that 
the bacteria here are present in 
the seeds and are t hus handed 
on to a new gener.it ion. 

Official . — Cinchona sue- 

rlruhru yields i'isthhnak 
i; t i;i;.\ i. < oun.w ni ini nk 
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is obtained from this and other species of Cinchona. Uragoga ( Psychotria ) 
Ipecacuanha yields ipecacuanha. Coffea arabica yields caffeina. 

Family 2. Caprifoliaceae. — Woody plants, usually without stipules. Viburnum 
has actinomorphie flowers with a trilocular ovary. The fruit contains only one 
seed. The sterile marginal flowers, which are alone represented in cultivated forms, 



Fits. — t.'inrfn-ua suc*irnf<m (nat. «u^e). \:ler Schumann and Authlk Mkwu.) 


serve as the attractive apparatus. Sam bar a a, Elder, has imparipinnate leaves, 
glandular stipules, and actinomorphie tlowers. /.ygomorphio (lowers are found in 
the Honeysuckle (Lon terra per id a on n n one of our native Hanes : the long-tubed, 
sweet-seen ted (lowers are at tractive to long-tongued Sphingidae. Jhervilla 
{ICcigf tia a favourite ornamental shrub. 

Official. J'iba nm m pnini/o/iu m yields muiknim. 
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Family 3. Valerianaceae. — Herbs with decussately-arranged leaves and asym- 
metrical flowers. Calyx only developed on the fruit as a “ pappus,” i.<\ a. feathery 
crown assisting in wind-dispersal. Vtlcriana, the Valerian (Figs. 7 '.hi. 7b7h has 
a spurred pentamerous corolla, three stamens, and three earpeU. only one of which 
is fertile. Other Valerianaceae have only two \Fciia) or one ( Cenlran/h us) stamens 
in the flower. 

Official. — Valeriana officinalis yields Valerianae rhizoma. V. JValliehii 

yields VALERIANAE IN me A E IMIIZOMA. 

Family 4. Dipsaceae. — Herbaceous plants with opposite leaves and tetramerous 



Fm. 704. — i ‘ii'i-hi.tni sin-,-; nihrn. .1. Flower. /;, Corolla split open, c, Ovary in longitudinal 
section. I), Fruit. A, Seed. (P nat. si/.e, the others enlarged. ) (After A. Mroi.u and 
Schumann.) 

or pentamerous aetinomorphic or zygornorphic flowers. The individual flowers 
have an epicalyx which persists on the fruit and serves as a means of dispersal ; 
they are associated in heads surrounded by sterile hraots. 

Dipsacus , the Teazel, has recurved hooks on the involucral and floral bracts. 
Corolla with four lobes, four stamens, and one carpel containing a pendulous, ana- 
tro pous ovule ; endosperm present in the seed (Fig. 703), Saccisa (Fig. 7 iH* ) 
also has a four-lobcd corolla; Scnlnusa has a five-lobed corolla and the marginal 
flowers of the head are larger and dorsiventral. Knaulia has tetramerous 
flowers ; no floral bracts. 
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Order 28. Synandrae 

The common character of this order is found in the fact that 
the anthers and sometimes the stamens in one way or another me 
fused or united together. The flowers may be actinomorphic or 
zygomorphic. 



Ku. 7'. 1 - Cojfea arabica (J nat. si < ) ^ 1 1 . It* Mown . < > losnl in eiMot at p. ami fn • 

to >m ' t (about n.it •> ■ > 

Family 1. Cucurbitaceae. — This launl y, in the fro«pn nth incomplete sympetaly 
it exhibits, show- .1 n lat nuiship to the* Clun ipeulue. although to groups whicii 
have not been mentioned m this shoit sui\o\ The other Sympetalae are, 
however, al>« > ninmilfil x\ 1 1 h tin* Cm ut bitai eae (see the phylogenetic table, 
p. 022). Tlu 1 Client Intaeeae include bulbaceous eoars. h h.m\, l.u nr - leaved 
pi nils. Floweis dudmoiis , monoecious * » i lu-- t otmii'*r -us. t \t i \ x and 

corolla adherent below Antheis united m pans m Ull mient . tO-shaped 
( Fig. 800). Ovary triloeid.u v Fig MU) ' Finn, a bun\, with a linn lind 1 lie 
branched or unbranched teudiils uomspond m their -lateral position to bracts. 
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Gucumis sativus, the Cucumber, and Cucumis Melo, the Melon, are commonly 



Fig. 796 .— Valeriana officinalis, a, Flower (x 8); b, fruit Fio. 797. — Valeriana. Floral 

(enlarged). diagram. (After Noll.) 

cultivated. The Cucumber is parthenocarpic ( w ), i.e. pollination of the stigma is 



Fig. 798. — Fruit of Dipsacus a C <> 

fuUonum, in longitudinal Fio. 799. — Sucrisa pmtensls. a, Flower with epicalyx ; 

section. hk, Calyx tube; b , the same after removal of epicalyx; r, fruit in 

end, endosperm; em, em- longitudinal section ; /, ovary ; hk, epicalyx. (After 

bryo. (After Baillon.) H. Schknck.) 


not necessary for the setting of the fruit. Cucurbita Pepo, the Pumpkin. 

Bryonia , Bryony. Citrul/us Colo- 
cynthis is a perennial plant of sub- 
tropical deserts. Leaves deeply three- 
lobed and pinnately divided. Tendrils 
simple or forked ; male and female 
flowers solitary in the axils of the 
leaves. The fruit is a dry berry (Fig. 
801 ). 

Official. — Citrul l us Colocynth is 

Fio. 800. -—Edxilliwm (Cueurbitaceae). Diagrams of yields COLOCYNTH IDI8 PULPA. Cucur- 
(A) a male and of (B) a female flower. (After bita maxima yields CUCUKBITAE 
ElCHLER.) SEMINA. 

The association of the following 
families with the Cueurbitaceae is only possible on the morphological character 
afforded by the united anthers. A real relationship appears improbable, especially 
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since the investigations of Kkatzkii have shown how various is the course of 
development of the seeds. 


Fiu. sOl. i Hi uat. size). J, 81n»ot w itli mah ■ aiu! ('« male flowers, f, Apex of a 

shoot with a male llouerbtnl ami tendrils. Male tlower w ith corella spread out. 4, Female 
flower rut through 1« >n; 4 »t tuliiial ly. Ymuu: fruit cut transversely. 

Family 2. Campanulaceae. — Herbs with milky juhv ; tlower> actinomorphic ; 
ovary as a rule trilocular or pentalocular. The stamens are inserted on the 
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floral axis and have their anthers joined together. The genus Campanula (Figs. 
802, 803) has a number of British species with blue bell-shaped flowers. Phyteuma 
has spike-like inflorescences, the petals only separate near the base. Only after 
the pollen, which has been shed in the bud, has been swept out by the hairs on 



Fiu. 804. — Floral diagram of Lobelia Fin. 80 'k— L obelia in fata. Upper pcr- 

fulgens. (After Eichler.) tion of plant with flowers and fruits. 


the style ( 55 ) do the petals open and the arms of the stigma spread apart. 
Jasione has capitulate inflorescences resembling those of Compositae. 

Family 3. Lobeliaceae differ from the Campanulaceae in the zygomorphic 
flowets and two carpels. The median sepal is anterior and comes below a deep 
incision in the corolla. The normal position is assumed by torsion of the whole 
flower through 180° or inversion of the flower (Figs. 804, 805). In Britain 
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Lobelia Dor t manna, an aquatic plant of northern regions, has a similar habit to 
Litorella ( w ). 

Official. — Lobelia inflata from North America (Fig. 805) yields lobelia. 

Family 4. Compositae ( rj7 ). — Distributed over the whole earth. 
For the most part herbs of very various habit ; some tropical forms 




Fio. 800. — Coin iK>si tao. Floral 
diagram (Carduus). 



Fio. 807.— ArnUu Montana, a, Kay- flower ; b , disc- 
flower ; c, the latter cut through longitudinally. 
(After Hero and Schmidt, magnified.) 




are shrubs or trees, ejj. Senecio Johmtoni , S. ad nivalis (Fig. 814). The 
flowers .are associated in heads and are either all alike or of different 



Fio. 808. —Longitudinal section of capitulum— a, of Lap^xi major with hooks on the involucral bracts 
and with floral bracts; b , of Matricaria ChamomiUa without floral bracts. (After Hero and 
Schmidt, magnified.) 


types in the head. The single flowers are actinomorphic or zygo- 
morphic. Stamens five ; anthers introrse, cohering by their cuticles 
to form a tube (Fig 806) which is closed below by the unexpanded 
stigma. The flowers are protandrous ; the pollen is shed into the 
tube formed by the anthers and is swept out by the brush-like hairs 
of the style as the latter elongates. The style is bifid above, forming 

3a 
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the stigma. Ovule erect, anatropous (Fig. 809). Seed exalbuminous, 
The fruits often bear at the upper end a crown of hairs, the pappus. 
This corresponds to the calyx and aids in < 

the dispersion of the fruit by the wind (Fig. fi|, 

807). As a reserve-material in roots and ft jj 

tubers (Fig. 198) inulin as a rule is found; H i 

in the seeds aleurone grains and fatty oil. W- 

The individual flowers are either radially sym- |f| 

metrical with a fivedobed corolla (Fig. 807, b, c) or $f r ! 

they are two-lipped as in the South American 


Flo. SOU. — At non iii on faun, a, !{»•< rptaele, of c.ipitulum 
after removal of lVuit ; h, fruit in lulled udinal serf ion, 
tin- j>;i] >jms only partly shown. (After lUaio and 
Si ii m m*t, magnified.) 


Androeeiuni < *i 1 '</•- 
■isfuu (x 10). (After 


Mutisieae, the upper lip having two teeth, the lower three. By suppression of the 
upper lip, (lowers with a single lip are derived ; such (lowers exhibit three teeth at the 



Flo. fill. — Fruits of — A , lli linutlm < mi ii mi. ■; HU r<o in ni rimsinn: (', CU-hin inm Intybus. 

( Aft »T If A 1 II. I iN. ) 

tip (Fig. 807 a). The ligulate flowers (c.g. of Taraxacum) are similar in general 
appearance to the latter ; the corolla is here deeply split on one side and its margin 
bears five teeth. In addition to those Compositae which have only ligulate 
or only tubular florets in the head, there are many which have tubular florets 
disc-florets) in the centre, surrounded by one-lipped florets (ray -florets). These 
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Fig. 814.— Senecio leniadendron from the Upj er Alpine region of West Kenya (East Africa). 
(After Ron. E. Eriks.) 

terminal spine and a felt of hairs. Centaurea with dry, scaly, involucral bracts 
and large, sterile, marginal florets. 

Other genera have only hermaphrodite ligulate florets in the capitulum, 
and have latex in all parts of the plant. Taraxacum ojjlcinale (Dandelion) is 
a common plant throughout the northern hemisphere. It has a long tap root, 
a rosette of coarsely-toothed leaves, and inflorescences, borne singly on hollow 
stalks ; after flowering these exhibit a second period of growth (p. 282, Fig. 254). 
Fruits with an elongated beak, carrying up the pappus as a stalked, umbrella- 
shaped crown of hairs (Fig. 812). Lact-uca aatiro. belt net*. L. virusa. L. 
Scariola, Compass plant, has leaves which take ;i vortie.il position (of. p. 858). 
Ciehorium Intylms (Chicory) has blue Mowers and a pappus in tin- form of short, 


usually differ from one another in sex as well as in colour ; the disc-florets are 
hermaphrodite, the ray-florets purely female. The flower-heads are thus lietero- 
gamous ( Matricaria , Arnica). Lastly, the marginal florets may he completely 
sterile ( Centaurea cyanus ) and serve only to render the capitulum conspicuous to 
insects. 

One series of genera lias only tubular florets in the head. Carduus (Plumeless 
Thistle), pappus of simple, hair- like bristles (Fig. 810). Cirsium , with feathery 
pappus. Echinops, with single- flowered capitula associated in numbers. Lappa 
(Burdock), (Fig. 808 a ), involucral bracts with recurved, liook-like tips. Cynara 
Scolymus (Artichoke). Cnicus benedictus (Fig. 813), capitula solitary, terminal, 
surrounded by foliage-leaves. Involucral bracts with a large, sometimes pinnate, 
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erect scales (Fig. 811 C). C. endivia, Endive. Tragopogon and Scorzonera have a 


Fm. 815. — Matricaria Chamomilla (§ nat. size). 


feathery pappus ; Sc. hispanica. Crcpis has a soft, flexible, hairy pappus of 








FlO. 817 . — TvSSihtHK h'nrfnrn. (Aft* !' BaII.I ON.) 

Inula occurs in Britain ; involucrai leaves frequently dry and membranous. 
In’* Gnaphalium , Antennaria . , Helichrysum (Everlasting flowers), Leontopodium 
(Edelweiss), Filago, etc., the dry involucral bracts are coloured. Helianthus 
annuus (Sunflower, Fig. 811 A ), cultivated for its oily fruits, 11. tuberoms 
(Jerusalem Artichoke), with edible tubers. Dahlia , from America and in 
cultivation. In Britain; Bidens , herbs with opposite leaves, sometimes 
heterophyllous. Achillea , Milfoil ; A. moschata and A. atrata are corresponding 
species of the Alps, the one on limestone and the other on schists. Anthemis 
nobilis, capitula composed of disc-florets only, or with these more or less 


brownish colour. Sonchus , pappus of several series of bristles. Hicracium , a large 
European genus with many forms. Pappus w hite, rigid, and brittle (Fig. 811 B). 

Usually there are florets of two distinct types in the capitulum. Numerous 
species of Aster , Solidago, and Erigeron occur in Europe, America, and Asia. 
Species of Aster are cultivated. Species of Haastia and Baoulia are cushion- 
shaped plants with woolly hairs in New Zealand (Vegetable Sheep) (Fig. 184). 
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replaced by irregular florets. Anacyclus ojfficinaru m . Matricaria Chamomilla 
(Chamomile, Figs. 808, 815) is an annual copiously-branched herb with a hollow, 
conical, common receptacle, yellow disc -florets and white, recurved, female ray- 



Fio. SI 8. — -Iruim Montana (A nat. size). 


Forets, i n the terminal capitula. Chnimnitln'inuin, C. segctum. ’fini.urtum, flowers 
all tubular, marginal florets female. Artt/nisia lias all the florets tubular and 
Usually the peripheral ones female (A. Absinthium , Wormwood'): in the few- 
flowered capitula of A. t 4 inn pKig. 816) all the florets are hermaphrodite. 
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Tussilago Farfara , Coltsfoot, flowers appear before the leaves ; the flowering 
stem bears scaly leaves and a single capitulum (Fig. 817) ; the flowers stand 
on a smooth receptacle and have a fine, white, hairy pappus. Female flowers at 
the periphery in several series. Leaves large, cordate, thick, covered beneath with 
white hairs. Petasites officinalis, Butter- Bur. Senecio , plants of diverse habit, 
including some trees and succulent plants ; of world-wide distribution. Dendroid 
species of Senccio occur on the volcanic mountains of Central and East Africa (Fig. 
814). S. vulgaris has no ray-florets but only tubular, hermaphrodite florets. 
Doronicum , Cineraria are commonly cultivated. Arnica montana (Figs. 807, 809, 818) 
has a rosette of radical leaves in two to four opposite pairs and a terminal inflores- 
cence bearing a single capitulum ; from the axillary buds of the two opposite 
bracts one (rarely more) lateral inflorescence develops. Calendula and Dimorpho - 
theca have the fruits of the capitulum of varied and irregular shapes. 

Official. — Anacyclus Pyrethrum yields pyrethiu radix. Santoninum is 
prepared from Artemisia maritima , var. Stechmanniana, Anthemis nobilis yields 
anthemidis flores. Taraxacum officinale , taraxaci radix. Arnica montana , 
arnicae flores. Griiidelia camporum, orindelia. 


Sub-Class II 

Monocotylae 

The derivation of the Monocotyledons from the Dicotyledons must, 
as has already been stated, he sought in the Polycarpicae. As regards 
general habit, the herbaceous Ranales come closest to the Monocotyledons 
which are, as a rule, herbaceous plants. Ecologically the lowest 
Monocotyledons are water-plants like the Nymphaeaceae among the 
Polycarpicae. Secondary thickening is wanting in the herbaceous 
Polycarpicae as in Monocotyledons. Trimerous flowers occur in 
the Lauraceae, Berberidaceae, and Nymphaeaceae, and throughout the 
Monocotyledons ; the apocarpous gynaeceum of Polycarpicae appears in 
the Alismataceae and Butomaceae among the Helobiae. There is 
thus no one family of the Polycarpicae from which the Monocotyledons 
can be regarded as derived. It is the general organisation of the 
order which is significant. This is supported by the detailed compari- 
son of the nectaries of the flowers made by Porsch ( 68 ). Serologically 
also the relationship of the Polycarpicae with the Monocotyledons and 
in particular with the Helobiae is confirmed. 

The Monocotyledons, or Angiosperms which possess a single 
cotyledon, are in general habit mostly herbaceous, less frequently 
shrubs or trees. In germination the radicle and hypocotyl of the small 
embryo emerge from the seed-coat, while the sheath-like cotyledon 
usually remains with its upper end within the seed (Fig. 616 b) and 
absorbs the materials stored in the endosperm, which is usually well 
developed. The growth of the main root is sooner or later arrested 
and its place taken by numerous adventitious roots springing from 
the stem. In the Grasses these are already present in the embryo 
within the seed. Thus a single root-system derived by the branching 
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of a main root, such as the Gymnosperms and Dicotyledons possess, is 
wanting throughout the Monocotyledons. 

The laterally placed growing point of the stem (Fig. 59b) remains 
for a longer or shorter time enclosed by the sheath of the cotyledon. 
Later it bears in two-ranked or alternate arrangement the leaves, 
which have long sheaths and continue to grow for a considerable 
time at their bases. The growth of the stem is often limited ; 
branching is in many cases entirely wanting, and rarely results in 
the development of a highly branched shoot -system. The leaves 
are mostly sessile and parallel- veined, and of a narrow, elongated, 
linear, or elliptical shape (Fig. 819). The pinnate or palmate leaves 
of the Palms and the perforated leaves 
of some Araceae are due to the perish- 
ing of definite portions of the lamina 
during development. 

Anatomically the Monocotyledons 
are characterised by their closed 
vascular bundles in which no cambium 
is developed ; these are uniformly 
scattered in the cross-section of the 
stem (cf. Fig. 105). Secondary thicken- 
ing is consequently wanting in Mono- 
cotyledons, and in the rare cases in 
which it is found results from the 
formation at the periphery of the 
central cylinder of additional closed 
bundles embedded in ground-tissue. 

The flower in the Monocotyledons 
is usually pentacyclic and has two 
whorls constituting the perianth, an 
androecium of two whorls, and a 
gynaeceum of a single whorl. The 
typical number of members in each whorl is three. The two whorls 
of the perianth are usually similarly formed, and thus constitute a 
perigone (Fig. 547). The floral formula of such a flower is P 3 + 3, 
A 3 + 3, G (3). 



Fiu. 819. — Leaf ot Polygonatum multiflorum 
with parallel venation (f nat. size). 


(a) Flowers usually complete , pentacyclic and actinomorphic 

Order 1. Helobiae 

This order includes only aquatic or marsh-plants. The radial or 
actinomorphic flowers have the gynaeceum frequently apocarpous and 
composed of two whorls of carpels, which develop into indehiscent 
fruitlets or follicles. Seeds exalbuminous ; embryo large. The order 
connects by its floral structure the Monocotyledons with the Poly- 
carpicae. 
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Family 1 . Alismataceae. — Widely spread in the warm and temperate zones. 
Alisnia Plantago , Sagittaria sagittifolia, and Butomus umbellatus have long- 
stalked panicles or umbels, and occur as marsh-plants. The individual flowers 
have a calyx and a white (in Butomus , reddish) corolla. Androecium, with six or 
more stamens. Gynaeceum apocarpous, with six or many carpels that may be in 
whorls or spirally arranged (Fig. 820). Sagittaria is monoecious with flowers that, 
by suppression of stamens or carpels, are unisexual. Male flowers, with numerous 
stamens and sterile carpels ; female flowers, with staminodes and numerous free 
carpels inserted on the convex floral receptacle (Fig. 821). Leaves in Butomus , 
linear, channelled, and triangular in cross-section ; in Alisma and Sagittaria , 
long-stalked with spoon-shaped and sagittate leaf-blades respectively. Individuals 
of both genera growing in deep-flowing water have long ribbon -shaped leaves, 



Fio. 820. — Floral diagram of 
Echinodorus part ulus, one 
of the Alismataceae. (After 
JEichler.) 



Fio. 821. — Sagittaria sagittifolia. a, Flower; h, fruit after 
removal of some of the carpels. (Magnified ; b , after 
Enoler and Prantl.) 


similar to those that appear as a transition type in germination ; such plants do 
not flower. 

Family 2. Potamogetonace&e. — Many species of Potamogeton are distributed 
over the earth in standing or flowing water. Leaves usually submerged, with a 
long sheath, slit on one side, formed from the axillary stipules. P. natans , 
the common Pond-weed (Fig. 822), at the time of flowering has usually only float- 
ing leaves, the cylindrical, submerged water-leaves having disappeared by then. 
Ruppia maritima and Zanichellia palustris grow in brackish water. Zoster a 
marina , Grass-wrack, occurs commonly on all north temperate coasts and is used 
for stuffing cushions. 

Family 3. Naiadaceae. Naias marina , dioecious, <$ fls. with a single stamen ; 
9 with one carpel in a cup-shaped investment. 

Family 4. Hydrocharitaceae. — Hydrocharis morsus ranae and Stratiotcs aloides 
are floating plants occurring in Britain, which are vegetatively propagated by 
runners ; they pass the winter at the bottom of the water, in some cases as special 
winter buds, and grow up again in the spring. Flowers dioecious ; entomophilous. 
The male flower has several trimerous whorls of stamens ; the female flower 
possesses staminodes and two trimerous whorls of carpels. Vallisneria spiralis f a 
fresh-water plant of the tropics extending to the Italian lakes. Elodca canadensis . 
the Canadian water-weed, now widely distributed (hydrophilous, cf. p. 564). 


Order 2. Spadieiflorae 

The common character of this order is afforded by the peculiar 
inflorescence ; this is a spike with a thick, swollen, often fleshy axis 
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and is termed a spadix. The flowers are mostly diclinous, 
monoecious, or more rarely dioecious. 

Family 1 . Typhaceae. — Marsh ■ plants, with long, linear leaves and long- 
stalked spikes, which bear a large number of flowers, the male above, the female 
lower down. Perianth wanting. 

Family 2. Sparganiaceae. — Connected with the preceding family. Spikes 
spherical. Flowers with a perigone, but otherwise like the Typhaceae. 



Fio. 822 .—Potamogeton natatis. Flowering shoot. Q nat. size.) 


Family 3. P&ndanaceae. — Screw- pines. Trees of peculiar appearance, sup- 
ported by prop-roots, or climbing shrubby plants ; all belong to the tropical 
countries around the Indian Ocean and to the Pacific islands. Leaves elongated, 
spiny, channelled above, arranged without bare internodes in three spiral ranks 
on the axis ( 68 °). Inflorescences, 6 or ? , are terminal spikes in the axils of 
sheathing bracts. Flowers without perianth, Pandamis (cf. Fig. 825 in front of the 
Palms), Freycinetia scrambling climber. 

Family 4. Paimae ( 69 ). — The Palms are an exclusively tropical 
and subtropical family, the members of which mostly attain the size of 



732 


BOTANY 


PART] II 


trees. Their slender stem is simple and usually of uniform diameter 
throughout ; only the African species of Hyphaene have branched stems. 

Other forms show evident growth in thickness towards the base and sometimes 
for half the height of the stem ; this depends on enlargement of the elements 
already present. The Pandanaceae behave similarly. The leaves, which are often 



Fir;. 823. — Coco3 nucifem. Inflorescence of the Coco-nut Palm. (Greatly reduced.) 

of gigantic size, form a terminal crown. They are either pinnately or palmately 
divided, the division coming about by the death of definite portions of tissue in the 
young leaf in the bud, and subsequent tearing along these lines. Tin- inllon ■sconce 
is in some cases terminal ( Metroxylon ), and the individual perishes with the 
development of the fruits. More often the inflorescences arc axillary. When 
young, they are enclosed by a massive resistant sheath, the spathe ; this hursts 
open and permits of the unfolding of the simple, or more usually branched, 
inflorescence (Fig. 823). 

The individual flowers are as a rule unisexual and constructed on the ordinary 
monocotyledonous type ; P3 + 3, A 3 + 3, in the male flowers, and P3 + 3, G (3), in 
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the female flowers In Caros their dist i ihiifion is monoecious. Fig. 823 represents 
the in florescence of (Wo. s* imcifna, still partly enclosed by the spathe. The 
male MoWeis aie crowded on the teimuial blanches of the inflorescence, while the 
female flowers are considerably largei and stand singly lower down. The ovary, 
which is here composed of three united carpels, becomes, as a rule, unilocular in 
the fruit, since only one carpel develops further. The ripe fruits are borne 
in small numbers on each inflorescence. Each has a smooth exocarp, a fibrous 
mesoearp, which contributes to the buoyancy of the fruit in water and thus leads to 
the wide distribution of this palm on tropical coasts, and a hard endocarp. At the 
base of each carpel a germinal pore is present in the endocarp (Fig. 824), but only the 
one in relation to which the embryo lies remains permeable. The endosperm forms 
a thick layer within the endocarp ; it is lich in fatty substances and produces the 
copra of commerce. The space within the 
endosperm is partially tilled with fluid, the 
“milk” of the coco-nut, which is possibly of 
service in germination. The embryo on germina- 
tion develops a massive absorbent organ which 
grows into the cavity of the fruit and serves to 
absorb the reserve-materials. Fig. 825 shows the 
general habit of Coco-nut palms. 

In Areca catechu (Fig. 851) the fruit developed 
from a similar ovary to that of Cocos is a berry, 
the mesoearp becoming partly fibrous and partly 
succulent. The white endosperm is here of stony 
consistence, cellulose beiug stored as a reserve 
material ; the endosperm is ruminated, i.c. tin* 
dark seed-coat grows into it at many points and 
gives it a veined appearance. The fruit of the 
Date Palm ( Phoenix dactylifera) is also a berry, 
but this arises from one of the carpels of the apocarpous gynaeceum, the other 
two not developing. In contrast to the other genera mentioned, Phoenix is 
dioecious. Other important economic plants among the Palms are Elaeis 
guineensis, the African Oil Palm, species of Calamus which yield Malacca Cane, and 
species of Mctroxylon t from which Sago is obtained; the two latter are found 
in the Asiatic- Australian region of the t topics. Phytelephas macrocarpa t an 
American Palm which does not form a trunk, yields m<.m\vuik ivory (the 
hard endo-pam Si vei.tl specirs \n ld a lh»w of sugaiy s.ip on cutting olF the 
inflorescence, and this is sometimes lamented to make Palm-wine and sometimes 
used as a source of caue-sugar {An nga saccharifera). 



Ik. 824. —Coco -nut after partial 
pMiimal of the fibrous mesoearp. 
(UkiIuli l After Warming.) 


Family 5 . Apaceae. — The Araceae are mostly herbs or shrubs ; 
they take a conspicuous place as root-climbers in the damp, tropical 
forests (Fig S*2G). The leaves of some species MonAtm) have the 
large lamina incised or perforated ; this comes about by the death of 
definitely limited areas and is comparable to the method by which the 
lca\es of Palms become compound. The flowers are greatly minted, 
usually diclinous, home on a swollen, fleshy axis; a spathe, often of 
bright colour and serving to render the inflorescence conspicuous, 
is piesent at the base of the spike ( e.g . Anthurium scherzerianum , 
Hirh'tnha (h'thiopird, both of which are commonly cultivated). Fruit 
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usually a red, bluish, or white berry. Colocasia (see p. 232) and 
Caladium are frequently cultivated on account of their large, beauti- 
fully coloured leaves. Ariopsis and Spathicarpa have characteristic 
inflorescences. 



Fro. 825. — Coco-nut Palms at IMlo, Hawaii. I'anilonii* oihiratissimns in front of the Palms. 

Acorus calamus has, in the course of the last two or three centuries, spread to 
this country from the East. It has complete, hermaphrodite (lowers ; ovary tri- 
locular. The short spadix is terminal, but is displaced to one side by the spatlie, 
which resembles the foliage-leaves (Fig. 827). 

Poisonous. — Many Araceae are poisonous. Calla palustris in peaty swamps. 
Arum maculatum (Fig. 828), a perennial herb with tuberous rhizome, common in 
woods. It develops a number of stalked, hastate leaves, the biown spots on which 
give the plant its specific name. The flowers are monoecious, without perianth, 
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the female flowers stand at the base of the spadix and the male a short distance 
above them. Above the latter come a number of sterile flowers with downwardly 
directed, hair-like points, which stand at the level of the constricted portion of the 
spathe ; this is widely open above. Pollination, see p. 567. 



Flo. 826.— Itoot-climbing Araceae in the moist tropical forest; of Chiapas (Cafetal 
Trionfo). From the examples above the region tig tired rope-like roots hang down 
to the ground. They serve to nourish the plant, aftet the death of the stem. 

Order 3. Liliiflorae 

Flowers actinommphic, composed of five whorls, with superior or 
inferior ovary (Fig. 547). Both whorls of the perianth developed 
alike. Only in the Iridaceae is one whorl of the androecium sup- 
pressed. The gynaeceum varies in position, but it is always formed 
of three carpels and in most cases has a trilocular ovary. 
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placed to the side by the bract which continues the line of the axis. Fruits with 



: Wmi 


Fio. 828 .— Arum (A nat. size). IntUnvsiviuv and fruits (3 nat. size). Poisosous. 

many sen ds. J.muht, with Hat leaves and three-seeded fruits, one of the earliest 
spring- llo wering plants. 
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Family 2. Liliaceae. — Typical flower, with coloured, conspicuous 
perianth. Entomophilous. Ovary superior. The fruits are septicidal 
or loculicidal capsules, or berries. Seeds numerous. Endosperm 
horny or fleshy. 


The majority of the Liliaceae are perennial herbs with bulbs, tubers, or rhizomes. 
They mainly inhabit the warm temperate regions. 

Sub-family 1. Melanthoideae. — Capsules septicidal. Colchicum autumnale f 
the Autumn Crocus (Fig. 830), is a perennial herb growing in meadows. If a plant 
is examined in autumn at the time of flowering, the corm, to the base of which 
is attached the lateral shoot bearing the flowers, will be seen to be enclosed in a 


brown envelope. The lateral flowering 



Fio. 820 . — Juncus lamprocarpu*. «, Part of an in- 
florescence; single flower (6) and gynaeceum 
(c) magnified. (After A. F. W. Schimper.) 


shoot bears at its base three sheathing 
leaves not separated by elongated inter- 
nodes. In the axil of the third of these 
is a bud which will form the flowering 
shoot of the next season. In spring the 
reserve-materials from the corm are 
absorbed and the old corm is pushed 
aside by the swollen internode which in 
its turn enlarges to form a new corm. 
Tiie three foliage-leaves expand their 
long, channelled, dark green laminae 
above the soil ; their sheathing portions 
closely surround the axis. The latter 
bears the fruits, which contain nume- 
rous, spherical, black seeds ; these are 
liberated by the dehiscence of the 
capsule at the sutures (Fig. 830/). 
Vcratrum album is a conspicuous herb 
with a rosette of large, elliptical, longi- 
tudinally-folded leaves. The growth of 
the main axis is terminated by an 
inflorescence, which is a panicle more 
than a metre in height ; the leaves borne 
on it have long sheaths and diminish in 


size from below upwards. The greenish-white flowers are polygamous. Schoeno - 
caulon ( Sabadilla ) officinale , a bulbous plant of the Andes with grass-like leaves, 
has also septicidal capsules. Bowiea , twining plant, South Africa. Oloriosa and 
Littonia , both with tendril -like leaf-tips and conspicuous flowers. 

Sub-family 2. Lilioideae. — Capsule loculicidal. Includes such popular flowers as 
Tulipa (Fig. 197), Hyacinthus, Lilium (Fig. 200), Muscari , and Scilla , and vege- 
tables as Allium , , together with Urginea (Fig. 831), which occurs in the 
Mediterranean region, Oaltonia t South Africa. Ornithogalum umbellatum (Fig. 
832) will serve as an example of this group. In autumn the plant consists of a 
bulb, each of the fleshy scales of which has a scar at the upper end. In the axil 
of the innermost scale beside the stalk of the spent inflorescence is a young 
bud bearing a number of leaves. Each of these leaves is provided with an em- 
bryonic lamina, while the continuation of the shoot is the embryonic inflores- 
cence. In spring the leaves gTow into long linear structures, and, together with 
the inflorescence, appear above ground. The inflorescence is sparingly branched ; 
the white flowers have a trilocular ovary bearing a common style. The upper 
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parts of the leaves wither, while the basal portions become swollen and fleshy, and 
stored with reserve-materials ; the scar at the upper part of each scale marks the 
place of separation of the leaf-blade. The annual course of development is 
essentially similar in other bulbous plants. The vegetative period is restricted 
to a few months, while during the cold or, in the numerous bulbous plants of 



Fio. 833 . — Aloe tpeciosa and Aloe ftcox. The latter with branched inflorescences. 

(After Marloth.) 

warm-temperate climates, the dry seasons, the bulb is protected by its sub- 
terranean situation. Aloe , a genus of African plants containing many species 
(Figs. 833, 834), has succulent leaves with spiny margins. 

Sub-family 3. Asparagoideae. -Fruit, a berry. Dracaena (Fig. 835), an 
arborescent form which attains a great age and a characteristic appearance, 
together with the similar genera, Cordylinc and Yucca , and Smilax (Sarsaparilla), 
a shrubby plant of warmer countries, climbing by the help of tendril-like 
emergences at the base of the petioles, have berries. Other examples are 
Aspanujus with bunches of phyl Includes in place of leaves, J! use us, with broader 
leaf-like phylloclades, and Myrsiphyllum. Convallaria (Fig. 121), MaiatUhemum , 
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Polygonatum (Fig. 139), and Paris quadrifolia (Fig. 830) ; the latter hears whorls 
5 t j+i - 1 j f j . of four leaves, sometimes 3-0 leaves ( 80 ). All 

» these plants have creeping rhizomes hearing 

I scale-leaves; either the apex of this rhizome 

grows annually into the erect shoot bearing 
|J jJgHjpP \ the foliage-leaves and inflorescences, while the 

irflSr* fn growth of the rhizome is continued by a lateral 

n wril. 1 110 branch {Polygonatum), or the rhizome continues 

** ill its subterranean growth, the leafy shoots being 

It tfk §| developed from axillary buds (Paris). 

II Poisonous. — Numerous Liliaceae are more 

1 WL* IN or less poisonous, e.g. Lily of the Valley, 

]| Tulip, Fritillaria , Colchicum , Veratrum, 

mBBBl X II Official. — Colchicum autumnale, coloijioi 

KflSHA a J - Jj 111 cohmus and semina. Aloechinensis, A. Perryi, 
m and A. fcrox yield aloe. Urginea A cilia 

a yields scilla. Urginea indica yields urginea. 

§ Family 3. Amaryllidaceae ( 6() "). — Dis- 

’* | : , : ■ tinguished from Liliaceae by the inferior 

1 Jr ovary. Leucojum (Fig. 837), the Snowdrop 

( Oalanthus ), and Narcissus resemble the 

. T , bulbous Liliaceae in habit. The majority of 
Fig. 834. — Aim' wotrinn. A, Inflows- , , , . . , • 

cence. VI. Rower, c. Ovary in m>.«- tile g«no» belong to the tropics or sill, -tropics, 
section. c.g. Haemanthus ; Olivia , Crumm, species of 

which are often grown in greenhouses. Agave , 


Fig. 834.— Ah* swolriiut. A, In times, 
cence. J !, Flower. C, Ovary in cross 
section. 


Fin. 835.— Dracaena draco. The Dragon Tn*»* oi Fa-una in tin* Canary Tslamls. 
(After ( in n.) 
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large plants with succulent leaves from the warmer regions of America, provide 


Fig. 836 . — Paris i/iaum/oZiM ($ nat. size). J'otsoxors. 
fibres. Agave Sisatana from Vueatan, one of the most important fibre-yielding 
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plants. A. salmiana provides the national drink of Mexico (pulque), obtained 
by fermenting the sap that flows on cutting off the inflorescence. Species of 
Agave are acclimatised in the Mediterranean region. 


Fig. 837 . — Leucojtnn aestinm. 
a, Inflorescence (reduced) ; b , 
gynaeeeuni and androeciuin 
(nat. size). (After Schimper.) 


Fig. 83'.).— Crocus sotirns. Style with tripartite stigma. 
(After Bajw.on.) 

Family 4. Iridaceae. — Distinguished from Liliaceae by their 
inferior ovary and by the suppression of the inner whorl of the 
androecium (Fig. 838). Cf. the atavistic form Iris pallida , Lmk. 


Fig. 838. — Floral diagram 
of the Iridaceae {Iris). 
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forma abavia Heinr. (p. 559, Fig. 550). The two whorls of the 
perianth are not always similar. Anthers extrorse. The leaves of 
the Iridaceae are always sessile ; the underground portion is a 
tuberous or elongated rhizome, less commonly a bulb. Capsule loculi- 
cidal. This family is mainly represented in the Cape and the 
warmer parts of America. 

Crocus sativus, Saffron (Fig. 839), is a plant which has long been cultivated in 
the East ; it lia9 a tuberous rhizome and narrow, grass-like leaves. The flowers 
are sterile unless pollinated with pollen of the wild form. The large stigmas 
furnish Saffron. Other species are cultivated as ornamental plants. Iris, leaves 
overlapping in two ranks. The leaf-sheath surrounds the thick fleshy rhizome, 
while the sword-shaped blade stands erect and has its two lateral surfaces alike 
(Fig. 840). Outer perianth segments bent downwards, inner erect. The three 
anthers are roofed over by the three leaf-like styles, which have a small, triangular 
stigmatic lobe on their outer sides. In Gladiolus the flowers are dorsiventral, 
and the dissimilarity of the perianth leaves is more marked. 

Family 5. Bromeliaceae. — Mostly epiphytes ( e.g . TiUandaia) ; flowers herma- 
phrodite. Limited to tropical and sub-tropical parts of America. The leaves 
are in rosettes and are typically xeromorphic ; in the forms which grow in the 
soil they are spiny ; such plants have frequently ornithophilous flowers. Ananassa 
sativa is cultivated ; its inflorescence forms the Pineapple. 

Order 4. Enantioblastae 

Characterised by the atropous ovules ; the embryo is at the summit of the 
endosperm at the opposite end from the hilum. 

Family. Commelinaceae. Tropical and sub-tropical. Perianth developed as 
calyx and corolla. Cominelina, Tradescantia. The hairs of the stamens afford 
well-known objects for the study of movements of protoplasm and nuclear 
divisions. Rhoco discolor ; Mexico, in cultivation. 

(b) Flowers moi'e or less reduced 

Order 5. Glumiflorae 

This order consists entirely of annual or perennial plants of grass- 
like habit. It is distributed over the whole surface of the earth. 
A woody stem only appears in the genus Bambusa. The association 
in more or less complex inflorescences of numerous flowers, which lack 
a proper perianth but are enclosed by scaly bracts (glumes), is a 
common character of the order. The perianth is either completely 
wanting or reduced to a series of scales or bristles. The inner whorl 
of stamens is also usually waiting. The superior ovary is always 
unilocular and contains only one ovule ; it is formed of three 
(Cyperaceae), two (some Carices), or of a single carpel (Gramineae). 
The large size and feathery and papillose form of the stigmas stand 
in relation to the wind-pollination. Fruits indehiscent. 

Family 1. Cyperaceae.— The Sedges are characterised by their triangular 
stems, which are usually neither swollen at the nodes nor hollow, and by their 
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closed leaf-sheatlis. The (lowers are either unisexual and then usually mono- 
ecious {Carex) or are hermaphrodite as in the majority of the genera ; ovary formed 
ot\two or three carpels with an erect, basal, anatropous ovule. Pericarp not 
coherent with the seed-coat ; embryo small, surrounded by the endosperm. 

The genera Cyperus , Scirpus, and Eriophorum have hermaphrodite flowers. 
Fig. 841 represents a plant of Scirpus setaceus, which is an annual, in flower. 
Leaves rigid, channelled above. Fertile shoots with the uppermost internode 
elongated. Spikes 1-3, terminal ; enclosed by imbricating bracts and displaced 



Flo. 841 . — Scirpus setaceus. 1, Plant in 

(lower; upper portion of a flowering Fio. M -2. —Frioph'-mnn •iro.w.sti folium. 1 , Inflores- 

shoot ; 3, single flower ; 4. the samo from crime ; a single spikelet ; «•>, single flower; 

behind ; 4, the same without the bract ; 4, (lower with brant- removed; fruit. (/, 

6 , fruit. ( 1 , mil. si/e, the others x 2-G. about nat. size, the others x 8-5. After 

After IIokfmann.) Hoffmann.) 

to one side by the subtending bract, the line of which continues that of 
the stem. Only the large lowermost bracts are sterile, the others have each 
a naked, hermaphrodite flower in their axils. The Cotton-grass ( Eriophorum 
innjusfi/'o/iuiii ). w hich when flowering is inconspicuous, bears at the summit of its 
fertile 1 shoots 3-7 long-stalked erect spikelets with numerous imbricate bracts. 
Around the base of each flower are numerous hairs, which are concealed by the 
projecting stamens and style. AVhen the plant is in fruit the hairs, which have 
become about 3 cm. long, project freely from between the bracts and constitute a 
valuable means of dispersal for the fruits. The white colour of the hairs makes 
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the now pendulous spikelets of the Cotton-grass a conspicuous feature of peat-moor 
vegetation (Fig. 842). Cyperus papyrus , in Egypt and Sicily, provided from its 
stems, which are as thick as the thigh, the “ paper” of the ancient Papyri. 

The genus Carex is for the most part monoecious, and its flowers are naked 
and unisexual. Male spikes simple ; in the axil of each bract is a male flower formed 
of three stamens (Fig. 843 A). The female spikes bear in the axil of each bract a 
secondary shoot ; the axis of this is included in the tubular subtending bract 
(utriculus) together with the pistil (formed of two or three carpels), which is borne in 
the axil of the bract (Fig. 843 BE). 

Family 2. Gramineae ( 61 ). — The stems of the true Grasses are 
cylindrical, and have hollow internodes (exceptions Maize and Sugar- 



Fio. 843. — A, Floral diagram of a male flower 
of Carex ; B, of a female flower with three 
stigmas ; C, of a female flower with two 
stigmas. D, Diagram of female flower of 
Carex. E, Diagram of the hermaphrodite 
spikelet of FAyiui \ a, secondary axis; »/r, 
utriculus or bract of the secondary axis. 
(After Eichler.) 



Fio. 844. — Diagrammatic 
representation of a Grass 
spikelet. < 7 , The glumes ; 
]>l and jht, the inferior 
and superior palea ; e, 
lodicules ; B, flower. The 
axial parts are lepre- 
sented as elongated. 


cane) ; the nodes are swollen ; the leaves are two-ranked and their 
sheath is usually split and thickened at the node. At the junction of 
the sheath and leaf-blade a membranous structure (the ligule) projects 
(cf. Fig. 134). The flowers of the Gramineae are grouped in spicate, 
racemose, or paniculate inflorescences, which are always composed 
of partial inflorescences, the spikelets. 

Usually each spikelet bears several flowers. At the base of the spikelet there 
are usually (Fig. 844) a pair of sterile bracts (glumae) ; sometimes there is only 
one or 3-4 glumes. Continuing the two-ranked arrangement of the glumes come 
the fertile subtending bracts (palea inferior), in the axil of each of which stands a 
flower. The subtending bracts are often awned, i.e. they bear, terminally or springing 
from the dorsal surface, a stiff bristle with backwardly directed hairs (tho awn). 
The bracteole of each flower is represented by another scale-like bract, the palea 
superior. Above this come two small scales, the lodiculae, the distension of 
which assists in opening the flower (Fig. 561). Lastly, the axis bears the 
androecium consisting of a whorl of three stamens, and the ovary composed of 
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ono carpel and bearing two feathery papillose stigmas. The ovary contains an 
anatropous, or slightly campylotropous ovule. 

The flowers do not always show such extreme reduction ; thus the flower of 
Rice (Fig. 850) has a complete androecium ; that of the Bambuseae is similar and 
also has three lodicules, and in Streptochaeta there is a normal monocotyledonous 
type of flower with all five whorls of members present and three carpels indicated 
in the development of the ovary. The lodicules can on this evidence be regarded 
as corresponding to the inner whorl of the perianth. Possibly the superior palea 
represents two coherent leaves of the outer whorl. In the gynaeceum there 
remains, as a rule, only a double leaf formed of the two lateral carpels of the three 
originally present. According to this view, which we owe to von Goebel, the 
diagram in Fig. 845 is arrived at. 

On the wind - pollination of Grasses cf. p. 563. The fruit of the Grasses is 


*x 



Fia. 845.— Di&giam of the (ira^s flower. 
The mining parts are dotted; ax, 
end of the axi.s of the spikelet ; pi, 
palea inferior ; ps, palea superioi 
(outer perigone) ; 1, lodiculae (innei 
pengone) ; s t, outer, si', inner whorl 
of stamens ; c, lateral earpels ; &, 
dorsal carpel. (After Schuster.) 



Fin. 84«> —Festuca elatior. .4. Spikelet (compare Fig. 844), 
with two open flowers below which the two sterile 
glumes aie seen (x3). B , 0\ary seen from the side 
with the stalk of one of the removed stigmas (x 12). 

A single lodicule (x 12). (After H. Schenck.) 


termed a oaryopsis ; in it the pericarp and seed-coat are intimately united. The 
embryo lies in contact with the endosperm by means of its cotyledon ; this forms 
the scutelm'M, and in germination serves as an absorbent organ by means of 
which the reserve-materials in the endosperm are taken up by the seedling 
(Fig. 847). 

The most important economic plants belonging to this order are the Cereals 
(Fig. 848). Wheat, Triticum (Fig* 848 B, D). Spikelets single, with two or 
more flowers ; glumes broadly ovate (Fig. S49 B). Koernicke distinguishes as 
species of Wheat — (1) Tr. vulgare , with a number of sub-species; (2) Tr . 
polonicum ; (3) Tr. monococcum. Rye, Secale eereale (Figs. 848 A, 849 A) ; spike- 
lets single, tv\o-flowered ; glumes acute. Barley, Hordeum vulgare (Fig. 848 C ) ; 
spikelets one-flowered, in groups of three ; in the sub-species if. hexastichum 
and 11. tctrastichum all the rows of spikelets are fertile, in H. distichum only the 
middle row. Oat, Avena sativa. Maize, Zca mats. The above are all cultivated 
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in temperate climates, the Maize largely in America, the others also in Western 
Asia and the south-east of Europe. In the wild state only TrUicum monococcum , 
var. aegilopodioides (from which Tr. monococcum is derived), Triticum dicoccoides 
as the original form of Wheat, Secale montanum , and Hordeum spontaneum (allied 
to H. distichum) are known. In these wild forms the spikelets fall from the 
rachis at maturity, a character that would be unsuitable in cultivated forms. 

The most important tropical food-plant of the order is Rice, Oryza sativa (Fig. 
860), which is largely cultivated to the limits of the warmer temperate regions, 
and, when sufficient moisture is available, yields an enormous harvest (Fig. 851). 
In Africa several varieties of Millet, Andropogon Sorghum , are cultivated, and it 



Fio. 847.— Part of median longitudinal section of a grain of Wheat, showing embryo and scutellum 
(sc) ; vs, vascular bundle of scutellum ; ce, its columnar epithelium ; V, its ligule ; c, sheathing 
part of the cotyledon; pv, vegetative cone of stem; hp, hypocotyl ; l, epiblast ; r, radicle; 
cl, root-sheath ; m, micropyle ; p, funiculus ; ip, its vascular bundle ; f, lateral wall of groove ; 
cp, pericarp, (x 14.) (After Strasburger.) 


forms the most important cereal for that continent. Panicum miliaceum and 
P. italicum , of Asiatic origin, are still cultivated, though to a diminished extent, 
in the Mediterranean region. The Sugar-cane, Saccharum officinarum , is another 
important food-plant ; it is a perennial, growing more than six feet high, and 
occurs in tropical Asia. The Sugar-cane is cultivated in all tropical countries, 
and cane-sugar is obtained from the sap expressed from the solid stem. 

Among the most important of our meadow-grasses may be mentioned 
Agrosiis alba , Alopecurus praiensis , Anthoxanthum odoratum , Arrhenatherum 
elatius , Avena flavescens , A. pubescens, Briza media , Dactylic glomerata , Holcus 
lanatus , Lolium perenne f Phleum pratense, Poa pratensis , and species of Air a, 
Bromus , Calamagroctis, Festuca , Melica , etc. The tropical species of Bambusa , 
which grow to the height of trees, are utilised in many ways ; from the stems 
are constructed houses, walls, flooring, ladders, bridges, cordage, water -vessels, 
cooking utensils, water-pipes, etc., and the plant is indispensable in the countries 
in which it occurs. 

Poisonous. — Lolium temulentum (Fig. 852) has its fruits, as a rule, infested 




Fio. 848.-— Cereals. A, Rye, Secale ocrtal^ B, Spelt, Triticum Sptlta. C , Two-ranked t»arley, 
Hordeum vulgare , distichum. D, Wheat, Triticum vulgare. 


distinguished by the absence of sterile shoots from the common Lolium perenne 
and L. multifiorum. It is the only poisonous grass. 

Official. — Amylum (starch) is obtained from Triticum sativum , Oryza sativa , 
Zea maiSy etc. ; Agropyron repens yields Agropyrum. Saccharum ojficinarum 
provides saccharum purificatum. 
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(r) Flowers zygomorphic 

Order 6. Seitamineae 

Tropical plants, sometimes of large size, in a few cases arborescent. 
Flowers dorsiventral or asymmetrical. Perianth differentiated into 
calyx and corolla. Androecium greatly reduced ; some of the stamens 



Fit;. S.M. T- i racftl land in Ceylon for the cultivation of Rice. The water required for the young 
plants flows from terrace to terrace through gaps in the boundary walls. In the foreground 
Mananas, and to the right a Coffee plantation. In theivntre Areca palms. (From a photograph.) 

represented by stand nodes, and resembling the segments of the 
corolla. Ovary inferior, trilocular. Seeds with perisperm. 

!■ h ii lily 1. Musaceae. — The Banana, V (Fig. 853), is one of the most 

important plants of all tropical countrh h. 4 parent, erect stem is formed of 
the closely overlapping, sheathing bases of the large leaves. Inlloresconee, 
terminal, pendulous, hearing the crowded and mainly parthenocarpic (®*\ berry-like 
fruits. M. textilis yields Manila Hemp. lunrnala has a woody stem. Stm’ifziit 
rniinnr (Fig. htU) from the Cape is cultivated on account ot the beaut)' of its 
omit Impliilous llowers. 

Family ‘2. Zingiberaceae. — Flowers in spikes, which in some eases resemble 

3 (.’ 
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capitula. Flower dorsi ventral. Calyx inconspicuous, tubular. Corolla with 
three lobes. The outer whorl of the androecium is wanting or represented by two 
lateral staminodes (Fig. 854, s$^, ssQ. Only the posterior stamen of the inner 
whorl (s/) is fertile; the two others are joined to form the brightly -coloured 



Fig. 8o2.~Lolium tcmulentum. Poisonous. (After H. Sciienck.) 

petaloid labellum (/). The style lies in the tubular groove between the thecae of 
the stamen. Fruit, a capsule. Most plants of the family belong to tropical Asia. 

Zingiber officinale , the Ginger, is an ancient cultivated plant of Southern Asia, 
now cultivated throughout the tropics (Fig. 855). The flattened branched 
rhizome is in contact with the soil by its narrow side. Leaves, two - ranked ; 
main shoot continued by the growth of axillary buds of the lower surface. The 
leafy shoots, in spite of their length, are composed of the sheaths of the large, 
simple, entire leaves, the axis remaining extremely short. Only the flowering 
shoots are solid ; they remain shorter and bear scale-leaves with large sheaths 
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but no laminae. Bracts large and, especially at their margins, brightly coloured. 
Flowers, bright yellow, with a conspicuous, violet, and spotted labellum. Eleiiaria 
Cardamomum and Curcuma have the stalks bearing their inflorescences similarly 
provided with scale-leaves. Alpinia and Hedychium, the latter of which is often 
cultivated, have on the other hand normal leafy shoots bearing the terminal 
inflorescence. 

Official. — Zingiber officinale , rhizome yields zingiber. Eleiiaria Carda- 
momum yields cardamom i semina. 

Family 3. Cannaceae. — Large-leaved herbs ; often in cultivation. Flowers 



Ki<;. v 5 :;. — Musa sapient >• alon- with Mnnihot utUisnimt. Ceylon. 

Fi’nm a photograph. 

asymmetrical (Fig. 551 C). Only one half stamen fertile (i.e. anther with only one 
theca), the other half being petaloid. 

Family 4. Marantaceae. — Large-leaved herbs. Leaves with pulvinus at 
junction of stalk and lamina. Stamen as in preceding order. .A or is 

obtained from Marunta arundinacca. 


Order 7. Gynandrae 

Family Orchidaceae. — Perennial, herbaceous plants growing as 
epiphytes or in the ground, with hermaphrodite, zygomorphic flowers. 
Perianth petaloid, the posterior segment of the inner whorl developed 
as a lip or labellum, which frequently bears a spur. 


The “labellum” of the Scitamineae being formed 
entirely different morphologically. 


two staminodes is 

3C 1 
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Androecium formed of the three anterior stamens only ; the 
middle stamen, belonging to the outer whorl, is fertile ; the other two 
are represented by staminodes. Gynaeceum formed of three carpels, 
syncarpous; ovary inferior, unilocular. Fruit, a capsule. Seeds 
extremely numerous, borne on parietal placentas (Figs. 856, 859). 
The fertile stamen is adherent to the 
style and forms with it the COLUMN 
or gynostemium ; this projects more 
or less in the centre of the flower. 

The labellum, which serves as an 
alighting place for visiting insects, 
becomes anterior, either by the torsion 
of the whole flower through 180° or 
by the flower being bent backwards. 

The Orchidaceae attain their highest 
development in the tropics where they 
form an important part of the epiphytic vegetation. Large water-storage tubers 
at the bases of the leaves, or succulence of the whole plant, is found in the epiphytic 
forms. Orchis , Ophrys, Gymnadenia , riatanth era with tubers; Epipadis , Cephalan- 
thcra, Listera with branched rhizomes; Xcottia , the Bird’s-nest Orchid, Epipogon, 




Fio. 857. — Oich,f> mi Otaris. Longitudinal Base of stem ; s. scale-leaf ; t' f old, t young 

auction passing through the old and new tubers ; A, bud; r , root->. (After U. 

tubers. (After Lcersskn.) Sciienck.) 

Coral liorrhiza, Limodorum almost destitute of chlorophyll. They live saprophyti- 
cally or more correctly as parasites at the expense of their mycorrhiza ( 84 ). 
CypHpedium , Ladies’ Slipper, with two lateral fertile stamens of the inner whorl. 

Orchis militarist which is represented in Figs. 859, 861, will serve as an example 
for more detailed consideration. At the period of flowering a pair of fleshy tubers 
will be found at the base of the plant, both of which are covered with root hairs. The 
large or brown tuber of more sjiongy texture continues above into the stem which 
terminates in the pyramidal inflorescence ; this stem is surrounded at the base 
by a pair of scale-leaves and the sheaths of the 2-4 elongated, elliptical foliage- 
leaves. The smaller tuber is of firmer consistence and of a white colour ; it bears, 
as is shown in the longitudinal section (Fig. 857), a bud on its summit which 
already shows a pair of scale-leaves. This tuber has arisen as an axillary bud in 

3 C *2 



758 


BOTANY 


PART II 


relation to one of the first scale-leaves of the plant, and with its tuberous, swollen, 
first root has broken through the subtending scale-leaf (Fig. 861). It is destined 
to replace the parent-plant in the succeeding season. 

In considering the flower, the spiral torsion of the ovary, which brings the 
labellura into the anterior position, must first be recognised. The labellum is 
tripartite ar,d the larger middle segment is bifid at its free end. At the base of 
the labellum a spur is formed by the bulging out of this segment of the perianth ; 
this serves as the nectary, and the opening leading into it is situated just below the 
gynostemium (Fig. 859 A, B). The latter bears on the side that is turned towards 



Fig. 859. — Orchis militaris. A, Flower : a, 
bract ; b, ovary ; c, the outer, and d, the two 
anterior inner perigoue leaves ; e, label- 
Ium with the spur/; g, gynostemium. fi, 
Flower after removal of all of the perigone 
leaves with exception of the upper part of 
the labellum ; h, stigma ; l, rostellum ; k, 
tooth-like prolongation of the rostellum ; 
to, anther ; it, connective ; o, pollinium ; q, 
viscid disc ; p, staminodium. C, A pollin- 
ium : r, caudicle ; s, pollen. D, Fruit in 
transverse section. (After Hero and 
Schmidt.) 



Fio. 800 . — Vanilla jtanifolia (reduced. After Berg 
and Schmidt; from Engle a and Piiantl). A, 
Labellum and gynostemium. li, Gynostemium 
from the side. C, Summit of the gynostemium from 
in front. D, Anther. E, Seed. (Magnified.) 


the lower lip, and to an insect alighting on this, the large stigmatic surface ( h ) 
corresponding to two confluent stigmatic lobes. The third stigmatic lobe is trans- 
formed into a structure termed the rostellum (l, k) and stands in relation to the 
male organ. The single fertile anther consists of two thecae joined together by the 
connective which appears as the end of the gynostemium. The whole mass of 
pollen of each of the two pollen-sacs is joined together by an interstitial substance 
which continues below to form a stalk ; the whole structure, which has a waxy 
consistence, is called a pollinium, and the stalk goes by the name of the caudicle. 
The caudicles terminate below in contact with the rostellum which forms tough, 
adhesive discs. This relation to the rostellum serves to keep the pollinia, which 
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lie free in the pollen-sacs, in 
position, and the adhesive 
discs attach the pollinia to any 
body that comes in contact 
with them. If an insect 
alights on the lower lip and 
attempts to reach the nectar 
secreted in the spur, its head 
or tongue must touch the 
rostellum and the pollinia will 
become attached to it. As 
the adhesive discs dry they 
cause the pollinia to bend 
forward, so that when the 
insect visits a second flower 
they will be brought in contact 
with the stigmatic surfaces. 

All Orchids are similarly 
adapted to insect visitors, 
though in many the contri- 
vances are far more compli- 
cated ; pollination does not 
take place in the absence of 
the insects ( M ). In many 
cases the adaptations are so 
specialised to particular insects 
that no other insect will do 
instead. The instance of Van- 
illa (Fig. 8(50) has already 
been considered. It should be 
mentioned that in some forms, 
e.g. Vanilla , the pollen remains 
powdery. Many tropical 
Orchids are cultivated in 
greenhouses on account of the 
beauty of their flowers, e.g. 
Cattleya, Laclia , Vanda , Den- 
dr obium , Stanhopea, etc. 


Fossil Angiosperms 

The first undoubted Angio- 
sperms appear in the Upper 
Cretaceous. They are repre- 
sented by numerous species 
which, like the recent forms, 
can l.o divided into Mono- 
cotyledons and Dicotyledons. 

The Angiosperms of the 
Eocene and the Oligocene can 
he determined with consider 



Fio. 861 . — Orchis miiitaris (k to:' 
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able certainty ; even in Northern Europe representatives of existing tropical 
and sub- tropical families occurred, e.g. Palmae, Dracaena , Smilax among 
Monocotyledons, numerous Cupuliferae (esp. Quercus), Lauraceae ( Cinnamomum , 
etc.), Leguminosae, etc., among Dicotyledons. From the Miocene onwards the 
specific forms are in part identical with those now living, and in the Quaternary 
strata all the remains are of existing species. The general character of the 
Tertiary flora in Europe was, however, very different from that of the present 
day. It had the aspect of the flora of a much warmer region and (as in the case 
of the Gymnosperms) contained forms which now exist only in distant regions. 
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OFFICIAL AND POISONOUS PLANTS 


' j Official in Great Britain. 

-f Poisonous. 

0 Official ami Poisonous. 

* before the page indicates figure. 


Thallophyta 

0 Claviceps purpurea, 448, *150 
f- Boletus Sat anas, *460 
+ Amanita rnusearia, *462 
4 - Amanita phalloules, *462 
4- Amanita mappa, 462 
4- Amanita verna, 462 
4- Scleroderma vulgare, *466 

Pteridophyta 

4- Equisetuni, *516, *517, *518 
O Dryoptens (Aspidium) filix mas, *502, 
*527, *529, 530 

4- Pteridiurn aquilinuni, *96, *503, *504, 
528 

Gymnospermae 

4- Taxus baccata, *605, *607, 614 
O Juniperus communis, *608, 614 
4- Juniperus sabina, 614 
O Juniperus oxycedrus, 614 
C) Abies balsamea, 614 
O Abies sibirica, 614 
O Pinus, sptcies of, *612, 614 

Polycarpicae 

Sub-order 1. Magnoliales 
O lllicium verum, 624 
4- lllicium religiosuni, 624 


4 MyrLtica fragrans, *624 
' Oiunamomum Camphora, 626 
, Cinuamomum Zeylauicum, 626 
) Ciutianiomum Oliveri, 626 
. '/ Aristoloclna serpent aria, 626 
O Aiistolochia reticulata, 626 

Hamamelidales 

C Liquidambar orientalis, 626 
Hamamelis virgimana, 626 

Centro8permae 

4- Agrostemma Githago, 627, *629 
4- Saponaria officinalis, 627, *623 
4- Anhalonium, species of, 630 

Polygonale8 

O ltheum, species of, *631 

Piperales 

O Piper Betle, 632 
O Piper cubeba, 632, *633 
Q Piper methystieuni, 632 

Santaialea 

O Santaluni album, 632 
4- Viscum album, *633 
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Urticales 

O Cannabis sativa, 637 

Salicales. 

Salix, species of, *637, 639 
Populus, species of, 637, 639 

Fagales 

O Quercus infectoria, 643 
O Betula lenta, 643 

Polycarpicae 

Sub-order 2. Ran ales 

O Podophyllum peltatuin, *645 
O Podophyllum emodi, 645 
O Berberis aristata, 645 
O Yateorrhiza Columba, 645 
4* Ranunculus sceleratus, *647, *648 
+ Ranunculus arvensis, *647 
4- Caltha palustris, 647, *650 
4 Anemone pulsatilla, 647, *649 
4- Anemone nemorosa, 647 
4- Clematis, species of, 647 
4- Helleborus, species of, 647 
© Aconitum Napellus, 650, *651 
4- Aconitum lycoctonum, and other species, 
650 

o Hydrastis canadensis, 650 
© Delphinium staph isagria, 650 

Rhoeadales 

O Papaver somniferum, 653 
O Papaver Rhoeas, *652, 653 
O Cochlearia Armoracia, 655 
O Brassica nigra , *655 

RosaleB 

O Rosa gallica, 663 
O Rosa damascena, 663 
O Prunus amygdalus, 663 
O Prunus serotina, 663 
© Prunus Laurocerasus, 663 
O Brayera anthelmiutica, *661, 663 
© Quillaja Saponaria, *660, 663 

Leguminosae 

O Acacia Senegal, 666 
O Acacia Arabica, 666 
O Acacia Catechu, *664, 667 
O Acacia decurrens, 667 
O Cassia angustifolia, *665, 668 
O Cassia acutifolia, 669 
O Cassia Fistula, 669 
O Copaifera Langsdorfii, 669 
O Tamarindus indica, *666, *667, 66 9 
O Haematoxylon campechianum, 669 
O Krameria trfandra, *667, 669 


O Caesalpinia sappan, 669 
4 Laburnum vulgare, 671 
4 Corouilla varia, 671 
4 Wistaria sinensis, 671 
O Astragalus gummifer, *670, 671 
O Glycyrrhiza glabra, 671 
O Spartium scoparium, 671 
O Andira Araroba, 671 
O Pterocarpus santalinus, 671 
O Pterocarpus Marsupium, 671 
O Myroxylon toluifera, 671 
O Myroxylon Pereirae, *668, *669, 671 
O Butea frond osa, 671 
O Physostigma venenosum, 671 
O Arachis hypogaea, 671 

Myrtales 

© Daphne 671, *672 
Q Eugenia Cary ophyl lata, 673, *674 
O Melaleuca Leucadendron, 673 
O Eucalyptus globulus, 673 

Euphorbiales 

(Tricoceae) 

4- Mercurialis annua, *676 
-4 Euphorbia, species of, 676, *677 
O Croton Eleuteria, 678 
O Croton Tiglium, 678 
O Ricmus communis, *678 

Columniferae 

O Gossypium, species of, *680 
O Theobroma Cacao, 681, *682 

GruinaleB 

O Linum usitatissimum, 683, *684 
O Erythroxylon Coca, 683 
O Guiacum officinale, 683 
O Guiacum sanctum, 683 
O Citrus Aurantium, var. Bigaradia, 684 
Q Citrus medica, var. limonuin, 684 
O Aegle Marmelos, 684 
O Barosma betulina, 685 
O Pilocarpus microphyllus, 685 
O Picraena excelsa, 685 
O Commiphora Myrrha, 685 
O Polygala Senega, 685 
4- Rhus toxicodendron, 685 
O Euonymus atropurpureus, 686 

Rh&mnales 

O Rhamnus Purshianus, 688 

Umbelliflorae 

4 Hedera helix, 689 
4- Conium maculatum, *694 
O Ferula foetida, 695 
O Dorema Ammoniacum, 695 
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O Pimpinella Anisum, 695 
O Coriandrum sativum, 695 
O Foeniculum vulgare 695 
O Carum carvi, *691, 695 
O Carum copticum, 695 
O Anethum (Peucedanum) graveolens, 
695 

+ Cicuta virosa, *692 
+ Siuni latifolium, 693 
+ Oenauthe fistulosa, 693 
+ Aethusa cynapium, *693 
+ Berula angustifolia, 693 

Primulales 

+ Cyclamen europaeum, *696 
+ Anagallis arvensis, *695, 696 
-f Piimula obconica, 696 
+ Corthusa matthioli, 696 

Bicomes 

O Arctostapliylos Uva-ursi, *697 
+ Rhododendron, 697 
+ Ledum, 697 

DiospyTales 

O Styrax Benzoin, 697 

Contortae 

O Olea europaea, *699 
© Strychnos nux-vomica, 699, *700 
O Gelsemimn nitidum, 699 
O Gentiana lutea, 699, *701 
O Swertia chirata, 699 
+ Menyanthes trifoliata, 699 
O Strophantlms kombe, 700 
O Alstonia scholaris, 700 
-f Nerium oleander, 700, *702 
+ Vincetoxicum officinale, 701, *704 

Tubiflorae 

O Ipomoea (Exogonium) purga, *704 
O Ipomoea hederacea, 704 
O Ipomoea orizabensis, 704 
O Ipomoea turpethum, 704 
Q Convolvulus Seammonia, 704 
O Rosmarinus officinalis, 705 
O Lavandula vera, 705, *706 
O Mentha piperita, 7 06 
O Mentha viridis, 706 
O Mentha arvensis, 706 
O Thymus vulgaris, 706 
O Monarda punctata, 706 

Personat&e 

+ Nicotiana tabacmn, 707, *711 
•f Lycopersicum esculentum, 707 
+ Solatium dulcamara, 707, *708 


+ Solanum tuberosum, 707 
+ Solanum nigrum, 707 
O Capsicum minimum, 708 
© Atropa Belladonna, 708, *709 
0 Datura Stramonium, 708, *710 
O Datura fastuosa, 708 
O Datura Metel, 708 
0 Hyoscyamus niger, 708, *712 
0 Digitalis purpurea, 710, *713 
O Picrorhiza kurroa, 710 
O Plantago ovata, 710 

Rubiales 

O Cinchona succirubra, 714, *715, *716 
O Uragoga Ipecacuanha, 715 
O Coffea arabica, 715, *717 
O Viburnum prunifolium, 715 
O Valeriana officinalis, 716 
O Valeriana Wallichii, 716 

Synandrae 

O Citrullus Colocyntliis, 718, *719 
C) Cucurbita maxima, 718 
o Lobelia inHata, *720, 721 
O Anacyclus Pyrethnim, 728 
O Artemisia maritima, 728 
O Anthemis nobilis, 728 
O Taraxacum officinale, 728 
O Arnica montana, *727, 728 
O Grindelia camporum, 728 

Spadiciflorae 

+ Arum maculatum, 734, *737 
+ Calla palustris, 734 

Liliiflorae 

0 Colehicum autumnale, 738, *739, 742 
+ Schoenocaulon officinale, 738 
O Aloe, species of, *741, *742 
O Urginea Scilla, 742 
O Urginea indica, 742 
-f Paris quadrifolia, 742, *743 
+ Veratrum album, 738, 742 
+ Convallaria majalis, 741 

Glumiflorae 

4- Lolium temulentum, 750, *754 
O Triticum sativum, 751 
O Oryza sStiva, 751, *752 
Q Zea m a is, 751 
Q Agropyrum repens, 751 
O Saccharum officinarum, 751 

* Scitamineae 

Q Zingiber officinale, 755, *756 
O Elettaria card&momum, 755 
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Abies, *610, 611, 614 ; fertilisation, 579 
Abietineae, 609 
Absciss layer, 115, 154 
Ahsidia , 440 

Acacia , *663, *664, 666 ; pliyllodes, *162 ; 

seedling of, *114 
Accessory buds, 118 
Acer, *688 
Aceraceae, 686 
Acetabularia , 402, *403 
Achillea , 726 ; gynaeceum *556 
Adilya, *436 

A co nit urn , *646, 650, *651 ; gynaeceum, 
*556 

A corns, 734, *736; flower of, *553 

Acropetal, 73 

Adaea, 650 

Acttnomorphic, 69 

Actinomorphic flowers, 559, *561 

Actinomyces , 379 

Aetinomycetes, 379 

A<j^ptations, 155 ; oiigiu of, 192, 196 

Adders’ Tongue, Ophioglossum 

Adonis, *646 

Adventitious shoots, 118 

Aeeidiospore, 466 

Aecidium, *467 

Aegle, 684 

Aeienehyma, 46, 157 
Aerial roots, 174 
Aerotropism, 355 
A esc al us, 686 
Aestivation, 83 
Acthnsa, *693 
Agaricaeeae, 461 
A gat his, 609, 610 
Agave, 742, 743 
Aglaozonia, 414 
Agrimania, 661 
Agrostemma , 627, *629 
Agrostis, 750 
Aira, 750 
Aizoaceae, 628 
Ajnga, 705 


Akrogynae, 492 
Albugo , 436, *437 
Albuminous substances, 254 
Alchemilla , 661 ; flower in longitudinal 
section, *558 

Alcoholic fermentation, 271 
Alder, Alnus 
+ 1 lectoroloph us, 710 
Aleurone grains, 29 
Algae, survey of the, 427 
Algal Fungi, Phycomycetes 
Alisma , 730 ; embryo of, *590 
Alismataceae, 730 
Alkaloids, 27 
Alkanet, Anchusa 
Allium , 738 
Allogamy, 569 

Alnus, *566, *639, 640, 611 ; root- 
nodules, 260 

Alai, *741, *742 ; epidermis of, *160 
A lopccurus, 750 
Alpine plants, 160, 286 
Alpinia , 755 

AUophda, 525 ; sporangium, *529 
Alstonia, 700 

Alternation of generations, 191 ; scheme 
of, 552 
Althaea, *679 
Amanita, 461, *462 
Amaryllidaeeae, 742 
Amidase, 255 
Amides, 27 
Amitotic division, 23 
Amoeboid movements, 328 
Am pel ops is, 688, *690 
Amphibious plants, 289 
Anabaena, 382 
Atiacardiaceae, 685 
Anacyclus , 727 
Anagallis, *695, 696 
Auakrogynae, 492 
Analogous, 9 
Ananassa, 7 15 
Anaphase, 22 
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Anastatica , 655 
Anchusa, 704 
Andreaea , *494, 496 
Andreaeales, 496 
Androeciura, 554 
Andromeda 697 
Andropogon , 750 
Anemia, sporangium, *529 
647, *649 

Anemophilous plants, 563 
Anethum , 693 
Aneurophyton , 616 
A'ngiopteris, 525 

Angiospermae, 618 ; derivation from 
Gymnospermae, 618 

Angiosperms, flowers of, 553 ; macrospores, 
584 ; microspores, 582 ; phylogenetic 
relations of, 622 
Anhalonium , 630 
Anisophylly, 113, 114 
Annual rings, 144, 145 
Annularia , *519 
Annulus of sporangium, 336 
Anonaceae, 624 
Antennai'ia, 726 
Anthemis , 726 
Anther, *549, 554 
Antheridial cell, 550 
Antheridium, *187, *189 
Anthoceros, *486 
Anthocero tales, 485 
Anthoclore, 27 
Anthocyanins, 27 
Authophaeine, 28 
Anthoxanthum , 750 

Anthriscus, 694 ; protandrous flower of, 
*570 

Anthurium , 733 
Anthyllis , 670 
Anticlinal cell-walls, 45, 292 
Antipodal cells, 585 
Antirrhinum , 708 
Apical cell, 75 
Apiuirty 693 

Apocarpous gynaeceum, 555 
Apocynaceae, 699 

Apogamy, 590 ; generative, 590 ; somatic, 
590 

Apophysis, 497 
Apospory, 192, 590 
Apple, Pyrus mains 
Apposition, 33 
Aqnifoliaceae, 685 
AquilegtOy *646, 650 
Araceae, 733, *735 
ArachiSy 670 
Araliaceae, 689 

Araucaria, 609, 610 ; pollen-grain of *577 
A r chang dica, 693 
Archegoniura, *189 
Archesporium, 482 


Arcliidiumy 497 
Archimycetes, 432 
Arctostaphylosy *697 
Arcyria , *427 
Areca, 733 
Arenga } 733 
Argemone , 653 
Arillus, 593, *595 
Ariopsis, 734 

Amto/ocAfa, 626; pollination of, *572; 
transverse section of stem, *91, *136, 
*137 

Aristolochiaceae, 626 

Armenia, ovary, *557 

Armillaria , *456, *458 

Arnica, *721, *722, 724, *727, 728 

Aromatic, 27 

A rrhenatherum , 750 

Artemisia , *725, 727 

Artichoke, Cynara 

Artocarpus, 636 

An«w, 734 ; pollination, 567 

Arum maculatum , *737 

Asclepiadaeeae, 701 

Asclepias , *704 

A scobot us, 446, 449 

Ascolichenes, 477 

Ascomycetes, 442 ; aflinities of, 455 ; 

life-history of, 455 ; survey of the, 454 
Ascospore, development of, *26 
Ascus, 442 ; development of the, 446 
Ash, F rax inns 

Ash, 208 ; constituents of, 209 
Asparagoideae, 741 
Asparagus, 741 

Aspergillus , 446, *447 ; conidiosporeof,*185 
Asperula , 710 

Asplenium , development of the sporangium, 
*505 • 

Assimilates, transformation of, 251 ; trans- 
location of, 251 

Assimilation of carbon dioxide, 240 ; pro- 
ducts of, 246 ; of metals, 250 ; of 
nitrogen, 248 ; of phosphoric acid, 
250 ; of sulphuric acid, 250 
Assimilation starch, 30, 246 
Assirnilatory parenchyma, 46 
Aster , 726 

A slerocala mites , * 5 1 9 
Asteroxylon , *50 6 
Astragalus , *670 
Asymmetrical flowers, 559, *561 
Atavism, 194 
A triplex, 628 
Atropa, 707, *709 
Aubrietia , 655 
Auricularia , 464 
Auriculariales, 460 
Autoecious Uredineae, 469 
Autogamy, 569 

Autonomic movements of curvature, 337 
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Autonomy of characters, 320 

Autotrophic corinophytes, 156 

Autotropism, 343, 359 

Autumn Crocus, Colchicum autumnale 

Autumn wood, 145 

Auxanometer, 279, *280 

Auxospores, 390, *392 

Auxozygotes, 392, *394 

Avena , 749, 750 

Avicennia , 705 

Avocado Pear, Persea gratUsima 
Axillary buds, 117 
Axillary shoots, 117 
Aznlla, 531, 534 
A zotobacter, 259 

Baeillaceae, 378 
Bacillus, *374, *375, 378 
Bacillus radicicola , 259, 378 
Bacillus svbtilis, 375, *376 
Bacillus tvmefacicns , 377 
Back- crossing, 321 

Bacteria, 373 ; classification of, 377 ; 
nutrition of, 376 ; relationships of, 
380 ; spores of, 376 
Bacteriaceae, 378 
Bacterioids, 259 
Bacteriophage, 377 
Bacterium, 378 
Bambusa , 745 
Banana, Musa 
Banyan, Finis bengalensis 
Bark, 56, *153 ; formation of, 154 ; ringed, 
154 ; scaly, 154 
Barley, Hordeum 
Barosma , 685 
Bartsia , 710 
Basidiobolus, 441 
Basidiolichenes, 478 

Basidiomycetes, 456 ; alternation of genera- 
tions, 458 ; eoouomic uses, 473 : 
scheme of development of, *456 ; 
survey of, 473 
Basidium, 456, *457, *458 
Bast, 149 
Bast fibres, 150 
Batrachium , 647 

Batrachospcnnum, 4*23, *424, 425 

Beaked Parsley, A uth risen s 

Beech, Fag us 

Beggiatoa, *374, 379 

Beggiatoaceae, 379 

Begonia , restitution, *296, *297 

Bennettitaceae, 618 

Bennettites, 618 ; fruit of, *618 

Benthos, 71 

Berberidaeeae, 644 

Berber is, 644 

Berry, 596, *597 

Berula , 693 

Beta, 628 


Betula, *639, 641 

Betulaeeae, 640 

Bicollateral bundles, 97 

Bicornes, 696 

Biddvlphia , 391, *393 

Bidens, 726 

Biogenetic law, 195 

Birch, Betula 

Bird’s-nest Orchid, Neottia 

Bitter-sweet, Solanum dulcamara 

Black Currant, Ribes nigrum 

“ Bladder Plums,” 453 

Blasia , *490 

Bleeding, 233 

Blue-green Algae, Cyanophyceae 

Bocconia , 653 

Boehmeria , 637 

Bog- Bean, Menyanthes 

Bog- Mosses, Sphagnales 

Boletaceae, 461 

Boletus , *460, 461 

Borage, Borago 

Boraginaceae, 704 

Borago , 704, *705 

Bostryx, 123, *124, 561 

Boswellia , 685 

Botrychium , *523, 524 

Botrydium , 388, *389 

Boundary. tissues, 46, 53 

Borista , 463 

Bowen ist, 602 

Boxciea , 738 

Bracken, Pteridium 

Bract-scale, 610 

Bracteal leaves, 114 

Bracteole, 119 

Branching, 72 ; cvmose, 122 ; dichotomous, 
*73, *78, * 116 ; ialse, 74, *75; 
lateral, 117; monopodial, 122; 
racemose, *73, 122 
Branch system, construction of, 120 
Brand-spores, 471 
Brassica , *652, *654, *655 
Brayera , *661 
Brim, 750 

Broad Bean, Vicia Faba 
Bromeliaceae, 745 
Bronx us, , 750 
Bronveaux hybrids, 301 
Broom-Rape, Orolxmchr 
Brown Algae, Phaecophyeeae 
Bruguiem, 671 
Bryales, 496 
Bryonia , 718 
Bryony, Bryoxiia 
Bryophxjllxixn, 658 

Bryophyta, 479 ; alternation of generations, 
499 ; development of the sporogo- 
niuni, 484 ; fossil, 501 ; sexual organs 
of, 483 ; survey of, 499 
Bry apsis, 403 
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Buckwheat, Fagopyrum esculent um 
Bud, 82 ; unfolding of, 275 
Bud-scales, *10^, *167 
Budding, 184, 301 
Bulbils, 185 
Bulbs, 169, 185 
Bundle sheath, 100 
Burdock, Lappa 
Burnet-Saxifrage, Pimpinella 
Burseraceae, 685 
Butomus , 730 
Butter-Bur, Petasites 

Cabbage, Brassica oleracea 
Cabomba , 645, *646, 647 
Cactaceae, 628 
Cactus-form, 165 
Caesalpiuiaceae, 667 
Cakile , 655 
Caladium , 734 
Calamagrostis , 750 
Calamariaceae , 518 
Calamostachys , *519 
Calamus , 733 
Calciphobe plants, 212 
Calcium carbonate, 37 
Calcium oxalate, 28, 37 
Calendula , 728 
Cotta, 734 

Callithamnion , 423, *427 

Callixylon , 616 

Cal lose, 61 

Calluna , 697 

Callus, *60, 292 

Calobryum , 492 

CattAa, 646, 647, *650 

Calycanthaceae, 624 

Calyptrogen, 126 

Calyptrosphaera , *383 

Cdlystegia , 703 

Calyx, 554 

Cainbial cells, *138 

Cambium, 44, 97, 136 

Campanula , *720 

Campanulaceae, 719 

Cane-sugar, 26, 254 

Cannabinaceae, 636 

Cannabis , 637 

Cannaceae, 755 

Cantharellaceae, 460 

Cantharellus, 460 

Caoutchouc, 256, 678, 700 

Capitulum, 561, *562 

Capparidaceae, 655 

CappariSy 655, *656 ; leaf of, *162 

Caprifoliaceae, 715 

Capsella f *654, 655 ; embryo of, *590 ; 

seed, *595 
Capsicum , 707 

Capsule, dehiscence of, *596 ; loculicidal, 
596 ; poricidal, 596 ; septicidal, 595 


Carbon dioxide, assimilation of, 240 ; in 
assimilation, 244 ; source of, 237 
Cardamine , *653 

Cardinal points, 204 ; in assimilation, 246 

Carduus , *721, *722, 724 

CareXy 747, *748 

Carnivorous plants, 175, 262 

Carotin, 17 

Carpels, 547, 554 

CarpinuSy *640, 641 

Carpodinus, 700 

Carraway, Varum 

Carrot, Daucus 

Carum, *691, 693 

Caruncula, 594 

Cary a y 640 

Caryophyllaceae, 626 

Caspary’s band, 54, *55, 128 

Cassia, *665, 667 

Cassythiiy 626 

Castanea % 641, *643 

Castilloa, 636 

Casuarina , chalazogamy, 587 ; ilowers of, 
619 ; root-nodules, 260 
Catkins, 560, *563, *566 
Cattleya , 759 
Caulerpa, 403, *404 
CnuliHory, 681 
Ccdrus, 613 
Celandine, Chelidonium 
Celastraceae, 686 
Celery, Apium 
Cell -budding, 25 
Cell -contents, 10 
Cell -division, *21, 292 
Cell -formation, free, 25 
Cell-fusions, 41, 65 
Cell-plate, 23 
Cell -sap, 26 

Cell -wall, 33; chemical nature of, 35; 
growth in surface, 33 ; growth in 
thickness, 33 

Cells, embryonic, *11 ; form and size of, 
10, 292 ; growth of, 292 ; stmctural 
organisation of, 293 
Cellular plants, 372 

Cellulose, 35; as a reserve substance, 
253 

Celtisy 635 
Centaur ea, 724 
Centaury, Erythraca 
Central cylinder, 90 

Centrales, 391 ; auxosporc formation in, 
391 

Centriole, 11 
Centrospermae, 626 
Cephalantheray 757 
Ocphalotaceae, 626 
Cephalotaxus, 606 
Cerastiuniy *565, 627 
Ceratiomyxa f 431 
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Ccratium , 384, *385 
( kratocorys, *385 
( Jcratonia , 668 
Ceratozamia , 602, *604 
Cerbera, 700 ; fruit of, 599 
Cere is, *665, 668 

Cereus , *630 ; .succulent, stern, *166 

Ceriops , 671 

Ceropegm , 701 

Cctrarm , *474, *477, 478 

Ch aeroph t/l l u m , 694 

Chaeiocladium , 440 

Chalaza, 547 

Chalazogamy, 587 

Chamomile, Matricaria 

Churn , *410, *411 

Characeae, 410 

Chasmogamous flowers, 572 

(Vie i rant has, *654 

Che trastri thus , 5*20 

Chelidonuun , 653 ; mutation, *326 , seed 
of, *595 

Chemical influences, efleet on growth, 
288 

Chemonasty, 362 
Chemosynthesis, 270 
Chemotaxis, 331 
( 'hemotropism, 355 
Chenopodiaceae, 627 
( 'hcaopodt u m, 628 
(,'liern, I* run us re rasas 
Chervil, ( 'h aeroph pi l a m 
Chestnut, Casta nea 
Chicory, ( ichorium 

Chnnaeras, 301, *304 ; periclmal, 303 ; 

sectorial, 303 
Chitm, 36 

Chlamydobacteriaeeae, 379 
Chlamydoinonaceae, 395 
Chlauii/donwnas , 395, *396 
Chi orel la, 397, *398 
Chlorororrum , 397, *398 
Chlorophveeae, 388, 394 ; affinities of, 104 
Chlorophyll, 17 ; absorption spectrum of, 
242 

Chloropla.sts, 17, *18 ; ussinulatorv aetn itv 
of, *24 1 ; of Desmidiaceae, 408 ; 
movements of, *332 ; number of, 
108; phototaxis of, 331 
Chomlriodenna , *13, 429, *130 
Chomlriosomes, 15 
( Viondromyces *379 
Choudrus, * 123 
Chorda , *413 
Choripetalae, 623 
Chromatic adaptation, 381 
Chromatin, 16 
Ch round nun, 375, *376 
Chromatophores, 16 ; inclusions of, 23 ; 

multiplication of, 23 
Chronioplasts, 19, *20 


Chromosomes, 20 ; as bearers of the genes, 
322, *323 
Chroococcus, 381 
Cliroolepideae, 399 
Chrysamoeha , *383 
Ch rysanthem urn, 727 
Chrysomonadales, 384 
Ohrysopliyceae, 387 
Cdmtium, 530 
C irhorium, *722, 724 
Cicala, *692, 693 
Cilia, 328 

Ciliary movement, 328 
Cunicifugo , *646 
Cinchona , 714, *715, *716 
Cinciuiius, 123, *124, 561, *505 
Cineraria , 728 
<! uinamonnun , 624. 626 
('ucaea, 671 

Circulation of protoplasm, 13, 329 
| C usium, 724 
j Cistaceae, 656 
I Ci das, 656 
CthuUu s, 718, *719 
| Citrus, 683, 681, *685 
• C/adoiua, *475, *477 
| Cladophnra , *17, 401, *403; ehloroplast 
I of, *18 ; dividing cell of, *‘24 
j Cl ad os teph a s, *77 
! C ladothrar , *375, 379 
j C/adn.rpfon, 616 
j Clamp-connections, *456, 457 
| Classification, 193 , artificial system, 371 ; 
! natmal system, 371 

1 Cl nutria, *459 
1 Clavanaeeae, 460 

j cfanrrps, 448, *450 ; sclerotiuni of, *39 
1 (’leistog, ui ions flowers, 572 
1 Ch ma/is, 616, 647 ; course of vascular 
j bundle**, *93 

Climbing plants, 172 
Cltna, 742 
Cluster unn, *407 
Clost ndi am. 259 
Clover, Tntolnnn 
| (’loves, 672 

j Club Mosses. Lycojtodiinae 
, C amts , 723, 724 
I Cobalt paper, 227 
Coceaeeae, 378 
Coeconeis, 392 
Cochlea na, 655 
Cocoa tree, Theohronw 
Coco-nut Palm, Cocos 
Cocos , *732, 733 
Coif'ea, 714, *717 
Co flee, Cojfea 
Cohesion mechanisms, 336 
Cohesion theory, 236 
Cola, 681 

Cofchicum, 738, *739, 742 

3 F 
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Coleochaete , 400, *402 

Collateral vascular bundles, 96, *97 

Collective fruit, 596, *597 

Collective species, 324 

Collema, *451, 474 

Collenchyma, 58, *59 

Colleters, 167 

Colletia, 688 

Colocasia, 734 

Coltsfoot, Tussilago 

Columniferae, 678 

Combinations, 325 ; of characters, 320 
Comfrey, Symphytum 
Commelina, 745 
Commelinaceae, 745 
Commiphora^ 685 
Companion cells, *60, 99, 150 
Compass plants, 161, 353 
Compensations, 298 
Complementary tissue, 56 
Compositae, 721 
Compound umbel, 561, *562 
Concentric vascular bundle, *95 
Conducting parenchyma, 46 
Conducting tissues, 59 
Conferva , see Tribonema 
Conidiobolus , 441 
Conidiospores, 185 

Coniferae, 604 ; development of the micro- 
spores, 577 

Conium, , *690, *694 ; ovary of, *557 

Conjugatae, 406 

Connecting fibres, 23 

Connective, 554 

Contortae, 697 

Contractile roots, 170, *171 

Convallaria , 741 

Convergence of characters, 165 

Convolvulaceae, 702 

Convolvulus , 703 

Copa'ifera , 668 

Cora, , *478 

Coralliorrhiza , 757 ; rhizome of, *182 

Corchorus, 680 

Cordaitaceae, 617 

Cordaites , *616, 617 

Cor dy line, 741 

Corethron, *392 

Coriandnm, *690, 694 

Cork, *10, 55, *56, *152, *153 

Cork cambium, 153 

Cork oak, 55 

Cormophytes, 70 

Corrnus, 70, 79 ; adaptations of. 155 

Cornaceae, 689 

Cornus , 689, *690 

Corolla, 554 

Coronilla , 670 

Correlation, phenomena of, 298 
Corsinia , sporogonium of, *483 
Cortex, 88 


Corticium, 459 

Corydalis , *652, 653 ; seed of, *595 
Corylus, 641 ; catkin of, *563 
Cosmarium , *407 
Corticiaceae, 459 
Cotton-grass, Eriophorum 
Cotyledons, 114, 577 
Cram be, *654, 655 
Crass ula , 658 

Crassulaceae, 658 ; respiration, 266 

Crataegomespilus , 301 

Crataegus , 660 ; leaf of, *621 

Crenothrir, 379 

Crop is, 725 

Cnbraria , 431 

Cnnum , 742 

Crocus, *744, 745 

Cronartium, 469 

Cross-pollination, 569 

“Crossing over,” 324 

Croton, 676 

Crown -gall, 377 

Cruciferae, 653 

Cryptogams, 372 

Cryptomonadales, 384 

Cryptomonas , *384 

Cryptophyceae, 388 

Crystals, 28 

Cucumber, Cucumis sativus 
Cucumis, 7,18 
Cucurbita, 718 
Cucurbitaceae, 7 1 7 

Culture-solutions, 211 ; degree of acidity, 
212 

Cupressineae, 607 
Cupressus , 609 
Cupuliferae, 641 
Curcuma, 755 

Cuscuta, 179, *181, 703 ; haustoria of, 
288 

Cuticle, 47 
Cutinisation, 37 
Cutis tissue, 54 
Cutleria , *414 
Cyanophyceae, 380 
Cyatheaceae, 528 
Cyathium, 676 
Cycadaceae, 602 
Cycadeoidea, *617, 618 
Cycadinae, 602 
Cycadites , 617 
Cycadofiliees, 617 
Gtyaw, *602, *603 
Cyclamen, *696 
Cydonia , 660 
Cylindrocystis, *406, 408 
Cymose inflorescences, 561 
Cynara , 724 
Cyperaceae, 745 
Cyperus, 748 
Cypress, Cupressus 
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Cypripedium , , 757 
Cystodinium , *388 
Cystolith, 34, *36 
Cytisus , 670 
Cytology, 10 

Cytoplasm, 15 ; division of tlie, 23 ; in- 
clusions of, 26 

Dactylis , 750 

Dahlia , 726 ; root-tul>ers, *169 

Dandelion, Taraxacum 

Daphne , 671, *672 

Darwinism, 198 

Date Palm, Phoenix 

Datura, 707, *710 

Daucus , 691 

J)airsonia , 501 

Deadly Nightshade, Atropa 

Decay, 272 

Delesseria , *77, 423, 426 
Delphinium , 650 ; transverse section of, 
*555 

Dendrobixm , 759 
Denitrification, 273 
Dentarxa , bulbils, *184 
Permatogen, 82, 126 
Descent, theory of, 192 
Desmidiaceae, 106 

Desmodium , autonomic movements of, 339 

Determinants, 291, 314 

Development, 274 ; fa< tors of, 283; 

periodic changes in, 303 
Diagrams, 84, *85 
Piakinesis, 189 
Dianthus , 627 
Diapensia, ovary, *556 
Diastase, 32, 252 ; action on starch -grains, 
*253 

Piatomeae, 3S9 ; orders of, 391 ; sexual 
reproduction, 391, 392; movements 
of, 329 

Diatoms, Piatomeae 
Dicentia , 653 

Dichasium, 122, *123, 561, *565 
Dichogamy, 570 
Diclinous flower, 553 
Dicotylae, 621 

Dicotyledons, segmentation of the embryo, 
589 ; -wood of, 146 
Dicranophyllum , 617 
Diet am hus , 683 

Dictyota , 73, *415 ; initial cell, *78 

Dictyotales, 415 

Dictyuchus , 435 

Dier cilia, 715 

Digestive gland, 68 

Digitalis , 709, *713 

Dilatation, 152 

Dill, Anethum 

Dimorphotheca , 728 

Dinobryon, *383 


Dinofiagellatae, 384 
Dinophyceae, 388 
Dinothrix , *388 
Dioecious, 551 
Dionaea , 177 ; leaf of, *178 
Dioon , 602 ; fertilisation, *575 ; pro- 
embryos, *576 
Diospy rales, 697 
Diospyros , 149, 697 
Diploid, 188 
Diplophase, 192 
Diplostemonous flowers, 558 
Dipsaceae, 716 
Dipsacus , 716, *718 
Dipterocarpaceae, 657 
Dischidia , 701 ; pitcher leaves, *175 
Discomycetales, 449 
Dissimilation, 263 
Disteph a n us, * 3 8 3 
Divergence, 85 
Dodder, Cvseutu 
Dominant inheritance, 317 
Dormant buds, 121 
Doronicum , 728 
Dorsal suture, 555 
Dorsi ventral i t) r , 72 
Dorstema , 635 
Dr aha, 655 

Dracaena , 741, *742 ; growth in thickness, 
135, *136 

Drepanium, 123, *124, 561 
I hi my s , 624 

Drosera , 656 ; chemonastic movements, 
363 ; leaves of, *176 ; tentacle of, *177 
Droseraceae, 656 
Drupe, 596 
Dry as, 662 
Dryobalanops, 657 

Drynptens , 526, *527, 530 ; prothallium, 
*502 ; sporangium, *529 
Dry Rot fungus, Afendius 
Dudrcsnaya, 425, *426 
Dunaliello , 385 

Earth-Star, Deaster 

Ebony, Diospyros 

Eeballium , *7 18 

Echinoeaetus, 630 

Echmodorus, *730 

Eehmops, 724 

Echium , 704 

Ecology of flower, 561 

Edoearpus , 413, *414 

Eetotrophie mycorrhiza, *261 

Edelweiss, Leontopodium 

“Egg apparatus,” 585 

Egg-cell, 187, 585 

Elaeaguaceae, 671 

Elaeagnus , 671 ; root-nodules, 260 

Elae’is, 733 

Ehtphom yces , 447 
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Elatostemma, 637 
Elder, Sambucus 
Elementary species, 324 
Elettaria , 755 ; seed of, *595 
Elm, Ulmus 

Elodea , 730 ; pollination, 564 

Elongation, phase of, 277 

Elyna, *748 

Embryo, 188, 588, 592 

Embryo -sac, 584 ; contents of, 586 ; 

development of, *585 
Embryonic rudiments, 276 
Emergences, 53 
Empusa, *440 
Enantioblastae, 745 
Encephalartos , 602 
Enchanter’s Nightshade, Cireaea 
Endemism, 195 
Endocarp, 595 

Endodermis, 54, *55, 90, 128 

Endogone , 441 

Endomyces , 443 

Endomycetales, 412 

Eudosperm, 577, 588, 592, 593 

Endosperm-formation, cellular, 588, *589 ; 

nuclear, 588, *589 
Endosperm nucleus, 588 
Endospores, 185 
Endothecium, 554 
Endotrophic mycorrhiza, *261 
Energy, liberation of, 263, 269 
Enteromorpha, *399 
Entomophilous plants, 564 
Entomophthora , 441 
Entomophthoraceae, 440 
Eospermatopte r is , 616 
Ephedra , *613, *614 ; macrospores, 581 
Epidermal system, 47 
Epidermis, *47 
Epigeai germination, 600 
Epigynous flower, *557 
Epilobium , 671 
Epi nasty, 338 
Epipactis, 757 
Epiphyllum , 630 
Epiphytes, 173, 224 
Epipogon , 757 
Epithema, 109 
Equisetaceae, 515 
Equisetales, 515 
Equisetinae, 515 

Equisetum , 515 ; fertile shoot, *517 ; 
growing point of, *82, *83 ; pro- 
tballium,*5l8 ; stem, *516 ; vegetative 
shoot, *517 
Eremascus , 442, *443 
Erepsin, 255 
Ergot, 448, 449 
Erica, 697 
Ericaceae, 696 
Erigeron, 726 


Eriobotrya , 660 

Eriophorum , *747 

Erodium , 683 ; fruit of, *336 

Erophila , 655 

Erysiphaceae, 447 

Erysiphales, 447 

Erysiphe , spore formation, *26 

Erythraea, 699 

Erythroxylaceae, 683 

Erythroxylon , 683, *684 

Escholtzia , 653 

Ethereal oils, 28, 256 

Etiolation, *285 

Euascomycetes, 444 

Eu- Bacteria, 377 

Eucalyptus , 672 

Eudorina , 396 

Eugenia, *672, 673, *674 

Eugleva , 385, *386 

Euglenales, 385 

Eumycetes, 442 

Euonymvs , 686 

Euphorbia, *676, *677 ; succulent stem, 
*166 

Eupliorbiaceae, 675 

Euphorbiales, 674 

Euphrasia, 710 

Euryale , 646 

Eusporangiatae, 523 

Everlasting flowers, Ilelichrysnm 

Excretion of water, causes of, 233 

Exine, 549 

Exoasceae, 453 

Exoascales, 453 

Exobasidiaceae, 459 

Exoba-sidium , *159 

Exocarp, 595 

Exodermis, 128 

Kxospores, 185 

Exothecium, 554 

Extrorse, 554 

Exudation, 231, *232 

Fagales, 640 

Fagopyrum, 631 ; ovary, *557 
641, *642, *643 
False mildew of the vine, 437 
Fascicular cambium, 137 
Fats, 28, 254 

Fatty seeds, germination of, 266 
Fegatella, development of the antheridium 
in, *482 

Fennel , Foenicul um 
Fermentation, 263, 270 
Ferns, Filicinae 
Fertilisation, 184, 188, 311 
Festuca , *749, 750; anemophilous flower, 
*567 

Fibrous layer, 549, 554 
Ficus, *635 ; inflorescence, *568 ; pollina- 
tion, 568 
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Fig, Ficus 
Filago , 726 

Filices, 525 ; antheridia, 529 ; archegonia, 
529 ; prothallium, 529 
Filieinae, 5*22 ; survey of, 537 
“ Finger-and-Toes,” 433 
Fir, Abies 
Flagella, 328 

Flagellatae, 382 ; seiies derived from, 386 
Flax, Linum 

Floral diagrams, 559 ; empirical, 558 ; 

theoretical, 558 
Floral ecology, 565 
Floral formula, 559 
Floridean starch, 423 
Flowers, conditions of the formation of, 
309 ; ecology, 561 ; morphology, 
551 ; pollination of, 561 
Flowers of Tan, Fuligo 
Foeniculum , *690, 693 
Foliage leaves, 103 ; epidermis, 106 ; 
internal structure, 106 ; mesophyll, 
106 

Follicle, 596 
Fames , *461 
Fantinahs , 498 

Food materials, assimilation of, 240 ; in- 
dispensable, 211 
Fool’s Parsley, Aetliusa 
Foreign organisms, influence of, 290 
F orget - m e - not, Myosotis 
Formative tissues, see Meristems 
Fossil Angiosperms, 759 
Fossil Gymnospenns, 615 
Foxglove, Digitalis 
Fragmentation, 23 
Fragraria , 662 
Fraxinus , 699, *700 
Free cell formation, 25 
Free nuclear division, 24 
Freycinetia , 731 
Fritillaria , 7 12 

Fruit, 594 ; indehiscent, 596 ; ripening of, 
257 

Frullania , *491 

Fucales, 416 

Fuchsia , 671 

Fucoxanthin, 412 

Fuchs , 416, 417, *419, *420, *421 

Fuligo, 430 

Fumariaeeae, 653 

Funt trio . , 179; arch emporium, *484 ; ehloro- 
plasts of, *18, *23 ; development, of 
the antheridium of, *482 ; develop- 
ment of the sporogoniuin, *484 
Fungi, 431 

Fungi Imperfecti, 473 
Funiculus, 547 

Funk ia, egg apparatus, *586 ; formation 
of embryos, *592 
Furze, Ulex 


Qalanthus , 742 
Galeopsis , 705, *706 
Galium , 710 
Gallionella , 374, *375 
Galls, 290 ; histoid, 290 ; organoid, 290 
Galtonia, 738 
Galvanotaxis, 333 
Galvanotropisra, 359 
Gametangia, 186 
Gametes, 186 
Garcinia , 657 
Gas-bubble method, *241 
Gases, absorption of, 238 ; movement of, 
239 

Gasteromycetales, 462 
G easier, 463 
Gelsemium, 699 
Gemini, 189 
Generative cells, 550 
Genes, 31 i 
Genista , 670 
Genliana , 699, *701 
Gentian aceae, 699 
Geographical distribution, 195 
Geophytes, 167, 168 
Geotropie curvatures, 343, *344 
Geotropic movement, *343 
Geotropism, 341 ; as a phenomenon of 
irritability, 347 ; transverse, 344 
Geraniaceae, 683 
Geranium, *683 
Germination, 275, 599, 600 
Geum , 662 

Gigartina, 423, *424 
Ginger, Zingiber 

Ginkgo, *604 ; pollen-chamber, *574 ; 

pollen-grain, *573 
Ginkgoaceae, 604 
Ginkgoinae, 604 
Girders, 89 
Gladiolus, 745 
Glandular cells, 66 
Glandular epithelium, 66 
Glandular hair, *67 
Glandular scale, *67 
Glandular tissue, 66 
Glaueium, *652 
Gleba, 462 
G l echo ma, 705 

Gleditschia , 66S ; stem -thorn of, *165 

Gleicheniaceae, 528 

Globoids, 29 

Gloeocapsa, *38, 381 

Gloriosa , 738 

Glucoside8, 27 

Glumiflorae, 745 

Glycogen, 27 

Glycyrrhiza , 670 

Gnaphalium , 726 

Gnetaceae, 614 

Gnetinae, 614 
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Gnetineae, macrospores, 581 ; microspores, 
581 

Gnetum , *614, *615, 620 ; embryo-sac of, 
*583 ; macrospores, 581 
Gooseberry, Ribes grossularia 
Gossypium , 679, *680 ; seed-hairs of, 
*53 

Graft-hybrids, 301, 303 
Grafting, *300 
Gramioeae, 748 
Grand period of growth, 282 
Gr aphis, 477 
Grass-wrack, Zostera 
Grasses, Gramineae 
Gratiola, 709, *712 
Gravity, effect on growth, 287 
Green Algae, Chlorophyceae 
Growing points, 72, *81, 276, *292 
Growth, commencement of, 275 ; distri- 
bution of, 281, *283 ; external factors, 
283 ; general phenomena of, 276 ; 
grand period of, 282 ; intercalary, 
282 ; internal factors, 291 ; measure- 
ment of, 279 ; phases of, 276; rate 
of, 280, 282 

Growth in thickness, primary, 133 ; sec- 
ondary, 135 
Growth-hormone, 354 
Gruinales, 682 

Guard cells, 49, 50 ; movements of, 229, 
*230 

Guiacum , 683 
Gum, 37 
Gum-resins, 256 
Gutta-percha, 256 
Guttiferae, 657 
Gymnadenia , 757 
Gymnodiniaceae, 384 
Gymnodiniuin , 385 
Gymno8perrnae, 601 

Gymnosperms, flowers of, 551 ; wood of, 
142 

Gymnosporangium, *467 

Gynaeceum, 554, *556 ; inferior, 558 ; 

superior, 557 
Gynandrae, 755 
Gyromitra , 453 

Haastia , 726 
JIaemanthus , 742 
Ilaematococcus , 395, 396 
Hagenia , *660, *661 
Hairs, 51 

Half-leaf method, 248 
llcdimeda , 403 
Halophytes, 213 
Hamamelidaceae, 626 
Hamamelidales, 626 
Hamamelis , 626 
Hancornia, 700 
Haploid, 188 


Haplomitrieae, 492 

Haplomitrium , *491 *492 

Haplophase, 192 

Haplostemonous flowers, 558 

Haptotropism, 356 

Hart’s-Tongue Fern, Scolopendrmm 

Haustoria, *76, 180 

Hawthorn, Crataegus 

Hay bacillus, Bacillus subtilis 

Hazel, Corylus 

Head, Capituluni 

Heart- wood, 149 

Heat, production of, 273 

Heath, Erica 

Heather, Calluna 

lledera , 689 

IJedychium , 755 

Heliaathemum , *657 

Helianthus , *722, 726 ; embryo-sac of, 
587 

Helichrysum , 726 
Heliotropism, 350 
Ilelwtropinm , *565 
Helobiae, 729 
Ilelvellaceae, 452 
Hemicelluloses, 35 
Hendock, Coni am 
Hen bane, Hyoscya m vs 
Hepaticae, 485, 501 
Herbs, 134 
Hercogamy, 571 
Heredity, 313 
Hermaphrodite flower, 553 
Heterochloridale8, 385 
Heterococcus , 388 
Heterocontae, 388 
Heterocysts, 382 
Heteroecious U red meat 1 , 469 
Heterophylly, 113 

Heterostyly, 571 ; dimorphic, 571 ; tri- 
morphic, 571 

Heterotrophic eormophytes, 178 
Heterotrophic nutrition, 257 
Heterotypic division, 189 
Heterozygotes, 314 
Jfevea , 678 
Hibernacula, 185 
Hibiscus, 679 

Hieracium , *722, 726 ; aposporous origin 
of the embryo-sac of, *593 ; forma- 
tion of the embryo, 591 
Hilum, 592 
Tlippocastanaceae, 686 
Hippophae , 671 

Hippv, ns, vegetative cone of, *83 
Holcus , 750 
Holly, Ilex 

Holobasidiomycetes, 456 
Homologous, 9 
Homotype division, 190 
Homozygotes, 314 
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Honeysuckle, Lonicera 
Hoodia , 701 
Hop, llumulus lupulus 
Ilordeum , 749, 750, *751 
Hornbeam, Carp in us 
Horse-chestnut, Aesculus 
Horse-tails, Equisetineae 
Hoy a , 701 
llumulus , *636 
IJyacinthus , 738 
Hyaloplasm, 15 
// yal other a, 408 

Hybrids, 314 ; inheritance in, 315 
Hydathodes, 232 
Ilydnaceae, 460 
Hydnophytum , 714 
Hydnum , *460 
Hydrastis , 617, 650 
Hydrochar is, 730 
H ydrocharitaceae, 7 30 
llydrodictyon , 398 
Hydromorphy, 156 
Hydrophilous plants, 564 
Hydrophytes, 156 

Hydroptorideae, 531 ; prothallia, 533 

Hydrotaxis, 333 

Hydrotropism, 355 

H yd rums, *387 

Hygrochasy, 335 

Hygromorphy, 158 

Hygrophytes, 158 

Hygroscopic movements, 335 

Hy menomyeetales, 4 58 

Hymenophyllaceae, 528 

Hyoscyamus, 707, *712; seed of, ’’595 ; 

stamen, *555 
Hypericum , 657 
Hyphae, *7 1 
llyphaene , 732 
Hypocotyl, 577 
Hypogeal germination, 600 
Hypogynous tlower, *557 
Hyponasty, 338 
Hypophysis, 589 

lbcris , 655 
Idioblasts, 43 
//w, 685, *687 
lllicium , 624 

Imbibition, 221 ; mechanisms, 335 
Indian Hemp, Cannabis satira 
Inflorescences, 559 

Insect visitors, perception of colours, 565 
Insectivorous plants, 175, 262 
Integuments, 547 

Intercellular spaces, 42, 239 ; lysigenous, 
42, 66 ; rliexigenous, 42 ; seliizo* 
geuous, 42 

Interfascicular cambium, 137 
Internal differentiation, 279 
Iuternodes, 84 


Intiue, 549 

Intramolecular respiration, 267 

Introrse, 554 

Intussusception, 33 

Inula , 726 

Inulin, 27, 253 

Invertase, 254 

Iodine in seaweeds, 213 

Ipomoea , 703, *704 

Iridaceae, 744 

Iris , *744, 745, *746 ; atavistic form of, 
*560 ; seedling, *601 
Iron-bacteria, 270 
Irritability, 206, 354 
I sat is, 6 53, 655 
Isoetaceae, 521 

Isoctes, *521 ; female prothallium, *522 ; 

germination of nuerospore, *521 
Isoetinae, 521 
Isogarny, 186 
Isotonic solutions, 218 
Jthyjihallus, *464 
Ivy, Hedera 

J a mhosa , 672 
Jasionc , 720 
J as annum , 699 
Jateorhiza , 645 
Juglandaceae, 639 
Juglandales, 639 

Jwjlans, *638, 639 ; ehalazogamy, *587 

Juneaceae, 736 

J uncus, 1 36, *<38 

.lungermanniales, 190 

Juniper, Jvmperus 

Juuijicrus, 607, *608, 609, 614 

Juvenile foim, 306 

Kandelia, 671 
Karyokinesis, 20 
Kickwia, 700 
Kidney Bean, Pit ascot us 
K1 most at, 342 
Knautia , 716 
ICntmeria, *667 

Labiatae, 705 
Laboulbeniales, 454 
Laburnum, *667, 670 
Laburnum Ada mi, 301, *302 
Lachnea , *451 
La ct an' us, 462 

Lactic acid fermentation, 272 
Lad uca, 724 

Ladies’ Slipper, Cypripcdium 
Laclia, 759 
Lamarckism, 197 
Laminaria , *416, *417, 422 
Laminariales, 415 
Laminann, 412 
Lamiunu *705 
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Landolphia , 700 
Lappa, *721, 724 
Larix , *613 

Late Blight of the Potato, 437 
Lateral buds, 117 ; position of the leaves 
of, 119 

Lateral roots, 131, *132 
Latex, 65 
iMthraea, 710 
Lathyrus , 670 
Laticiferous cells, *65 
Laticiferous tubes, 65 
Laticiferous vessels, 65, *66 
Lauraceae, 624 
Laurel, Laurus 
Laurus , 624, *625 
Lavandula , 705, *706 
Law of the resultant, 348 
Leaf arrange men t«, alternate, 84; decussate, 
85 ; spiral, 86 ; veiticillate, 84 
Leaf axil, 117 
Leaf-base, 111 

Leaf-blade, 104 ; functions of, 110 ; veins, 
105 

Leaf-cushions, 111 
Leaf-fall, 115 
Leaf primordia, 102 
Leaf-scars, 115 
Leaf stalk, 111 
Leaf-succulents, 164 
Leaf-tendril, *172 
Leaf-thorns, 162 

Leaves, 80 ; development of, 102, *105 ;* 
duration of life of, 115 ; forms of, 
103 ; transverse section of, *107 
Lecanora , 478 
Ledum , 697 
Legume, 596 

Leguminosae, 663 ; root-tubercles, 259 

Lens, 670 

Lenticels, 55, *57 

Leontop odium, 726 

Lepidium, *654 

Lepidocarpon , 513, *514 

Iiepidodendraceae, 513 

Lepidodendrales, 512 

Lepidodendron, *513 

Lepidostrobus, *514 

Leptosporangiatae, 525 

Leptothrix , 379 

Lessonia, 416 

Lettuce, Lactuca 

Leucojum , 742, *744 

Leucopla9ts, *19, 30, *32 

Levisticum , 693 

Lianes, 172 

Lichen acids, 478 

Lichenes, 474 

Lichens, 449 ; crustaceous, 475 ; fila- 
mentous, 474 ; foliaceous, 475 ; 

fruticose, 475 ; gelatinous, 474 ; 


heteromerous, 474 ; homoiornerous, 
474 ; mutualistic symbiosis, 476 
Licmophora, *391 

Life, duration of, 307 ; essential phenomena 
of, 201 ; latent, 202 

Light, effect on assimilation, 242, *243 ; 
effect on germination, 275 ; effect on 
growth, *285 ; production of, 273 
Light-growth reaction, 305 
Lignification, 37 
Ligule, *113 
Ligustrum , 699 
Libaceae, 738 
Liliifiorae, 735 
Lilioideae, 738 

I Ahum , 738 ; pollen grain of, *584 
Lily of the Valley, Con valla ria 
Lime, Till a 
Limnanthemum , 699 
Limndorum , 757 
Linaceae, 683 

Li maria , 708 ; raceme of, *563 
Liuiu, 16 

Linum, 683, *684 ; gynaeceum, *556 

Lipoids, 14 

Liquidambar , 626 

Liquorice, < fh/ci/rrh iza 

Liriodendron, 624 

I A stem, 757 

Litorella , 710 

Littonia , 738 

Liverworts, Hepaticae 

Lobelia, *720 ; ovary, *556 

Lobeliaceae, 720 

Locomotion, conditions of, 329 ; move- 
ments of, 328 
Lolium, 750, *751 
Long shoots, 74 
Lon icer a, 715 
Loranthaceae, 633 
Lora n thus , 633 
Lotus, *668, 669, 670 
Lovage, Levistirum 
Lunar ia, *654, 655 
Lupinus, 670 
Luzula, 737 
Lycoperdon , *463 
Lycopodiales, 507 
Lycopodiinae, 507 ; orders of, 515 
Lycopodium., *507 ; embryo, *509 ; pro- 
thallus, *508 ; stem, *504 
L ytjinodendron, *538, *539 ; macro- 

sporangium, *540 
Lythraceae, 671 

Lythrum, 671 ; heterostyly, 571 

Macrocyst is, 416, *418 
Macrozamia , 602 
Magnolia, 624 
Magnoliaceae, 624 
Magnoliales, 624 
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Maianthemum, 741 
Maize, Zea 

Male Fern, bryopteris Jilix mas 

Malm , *679 ; pollen grain, *555 

Malvaceae, 679 

Mammillaria , 630 

Mangifera , 685 

Manihot, 678 

Manna Lichen, Lecanora 

Maranta , 755 

Marantaceae, 755 

Marattiales, 524 

Marchaatia , 486, *488, *489 ; air-pore, 
*487 ; antheridium, *480 ; arcbe- 
gonium, *480 ; gemma, *488 
Marehantiales, 486 
Marsh Marigold, Caltha 
Marsilia , *532 ; female prothallus, *536 ; 
male prothallus, *535 ; sporoearp, 
*535 

Mastigamoeba , *386 
Matricaria , *721, 724, *725, 727 
Malthiola , 654 

Maurandia , 709 ; climbing shoot, *359 
Mechanical influences, effect on growth, 
287 

Mechanical tissue, 88 
Mechanical tissue s)stem, 56 
Medicago, 670 
Medlar, Mespilus 

Medullary rays, 90, *138, 147 ; primary, 
139 ; secondary, 139 
Meiosis, 189 
Melampsora , 469 

Melampyrum, 710 ; embryo-sac of, *591 
Melanthoideae, 738 
Melica, *750 
Mel Hot us, 670 

Membranes, permeable, 215, *216 ; semi- 
permeable, 215, *216 
Mendel, laws of, 315 
Mendelian laws, validity of, 322 
Meuispei niaceae, 645 
Mentha, 706 
Menyanthes, 699 
Mercu rial is, * 6 7 6 

Meristems, 44 ; primary, 44 ; secondary. 
44 

Meruliaceae, 460 
Merulius , 460 
Mesembryu ntliem um , 628 
Mesocarp, 595 
Mesocarpus , 409 
Mesophyll, 106 
Mespilus , 660 
Metabolism, 208 
Metals, assimilation of, 250 
Metamorphoses, 9 
Metapliase, 22 
Metroxylon , 732, 733 
Metzgeria, *79, 490 


Miadesmia, 513 
Micr aster ias, 407 
Micrococcus , 378 
Microcycas, 602 
Micropyle, 592 
Microsomes, 15 
Microsphaera, 447 
Middle lamella, 40 
Mildew Fungi, Erysiplmles 
Milfoil, Achillea 
Millet, Andropogon 
Mimosa , *663, 664 

Mimosa pudica seismonastic movements, 
363, *364 
Mimosaceae, 663 
Mimulus, 709 
Mi mu sops, 697 
Mirabilis , hybrid, *317 
Mistletoe, Vis cum album 
M niuni , arehegomum, *481, *496 ; peri- 
stome, 497, *198, *499; sporogonium, 
*498 ; stem of, *80 
Mobilisation of reserve mateiials, 252 
Modifications, 324 
Monarda, 706 
Monkshood, Acomtum 
Monoblepharidaeeae, 434 
Monoblephai'is, *187, 434 
Monochasium, *123, 561 
Monocotylae, 728 

Monocotyledons, growth in thickness of, 
135 ; segmentation of the embryo, 
589 

Monoecious, 551 
Monopodium, 73 
Monstera, 733 
M oon wor t , Hot rych i u m 
Moraceae, 635 

Morchdla, *442, 451, 453, 464 
Morphology, 7 

Morus , 635 ; inflorescence of, *597 
Moss, diagiam of life-history, *500 
Mosses, Musci 
Movement, 327 

Movements, autonomic, 337 ; chemo- 
na&tic, 363 ; of curvature, 333 ; 
hygroscopic, 335 ; of locomotion, 
328 ; nastie, 360 ; paratonic, 337, 
340 ; periodic, 362 ; phototropic, 351 
Mucilage, 27 
Mucilage tubes, 66 
Mucor, *439, *440 
Mucoraceae, 439 

Mucuna , secondary thickening, 141 
Mullein, Verba scum 
Multicellular formation, 24, *25 
Musa , 753, *755 
Musaceae, 753 
Muscari , 738 

Musci, 492, 501 ; protonema, 492 ; sexual 
| organs, 493 ; sporogouiiun, 494 
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Mushroom, 461 
Mutations, 325 
Mycelium, 74 
Mycobacteria, 378 
Mycobacterium, *374, 379 
Mycorrhiza, ectotrophic, *261 ; endo- 
trophie, *261 
Myosotis , 704 
Myosurus, 646 

Myristica, *623, *624 ; arillus, *595 ; 

seed, *595 
Myristicaoeae, 624 
Myrmecodia , 714 
Myroxylon , *668, *669 
Myrsiphyllum , 741 
Myrtaceae, 672 
Myrtales, 671 
Myrtle, Myrtus 
Myrtus, *672 
Myxobacteria, 379 
Myxococcus, *379 
Myxomycetes, 12, 429 

Naiadaceae, 730 

Naias , 730 

Nauism, 161 

Narcissus, 742 

Nastic movements, 340, 360 

Natural selection, 198 

Navicula, *394 

Nectaries, 558 

Nectria, 448 

Nelumbium , 646 

Nemalion , 425 

Neottia, 757 

Nepenthaceae, 626 

Nepenthes , pitchers, 177, *179 

Nepeta, 705 

Nerium , 700, *702 

Nerves, sec Veins 

Nicotiana, 707, *710 ; gynaeceum, *556 
Night-shade, Solanum nigrum 
Nitella, *411 
Nitrification, 270 
Nitro-bacteria, 270 

Nitrogen, assimilation of, 248 ; fixation 
of, 259 

Nitzschia, 393 
Noctiluca , 385 
Nodes, 84 
Nopalea, 630 
Nostoc , *381, 382 
Notothylas, *486 
Nucellus, 547 
Nuclear cavity, 16 

Nuclear division, 20, *21 ; direct, 23 ; 

free, 24 ; indirect, 20 
Nuclear membrane, 16 
Nuclear plate, *22 
Nuclear sap, 16 
Nucleolus, 16 


Nucleus, 15 
Nutations, 338 „ 

Nutrient salts, absorption and movement 
of, 214, 224 

Nutrition, hetetotropliic, 257 
Nuts, 596, *597 
Nyctinastic movements, 360 
Nyctinasty, 361 

Nymphaea , *645, *646 ; seed of, *595 
Nymphaeaceae, 645 

Oak, Quercus 
Oat, Arena 

Obdiplostemonous flowers, 558 

Ochrea, *630, 631 

Odontites, 710 

Ocdoyonium , 400, *401 

Oenanthe, 693 

Oenothera, 671, *672 

Oidium , 447 

Od Palm, El acts 

Ole a, *699, *700 

Oleaceae, 698 

Olive, Ole a 

Olpidium, 432, *433 

Onagraceae, 671 

Ononis, 670 

Ontogeny, 2 

Oogamy, 187 

Oogonium, *187 

Oomycetes, 134 

Oosphere, 187 

Ophioglossales, 523 

Ophioglossum, *523 ; antheiidium, *524 ; 

archegonium, *524 
Ophrys , 757 

Optimum curve, **203, 204 
Opuntia, *164, 630 
Orchidaceae, 755 

Orchis, *757, *758, *759 ; root-tuber, 
*170 

Organic acids, 26 

Organography, 68 

Organs, main groups of, 69 

Ornithogalum, 738, *740 

Ornithophilous plants, 569 

Ornithopus, 670 

Orobauchaceae, 710 

Orobanche , 182, 710, *714 

Orthostichies, 85 

Orthotropous, 120 

Oryza, 750, *752, *753 

Oscillaria , *381 

Osmometer, 216, *217 

Osmosis, 215 

Osmotaxis, 333 

Osmotic pressure, 216 

Osmunda , 528 ; sporangium, *529 

Osmundaceae, 528 

Ostrich Fern, Struthiopteris 

Ovaries, transverse sections of, *555, *556 
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Ovule, 547 ; anatropous, *548 ; atropous, 
*548 ; campylotropous, *548 
Ovuliferous scale, 610 
Ovum, 585 
Oxidases, 268 
Oxygen, 237, 289 

Paeonia , 646, 650 ; flower of, *553 

PalaeopUys , 616 

Palaeostachya , *519 

Palaquium , 697, *698 

Palisade cells, 106 

Palisade parenchyma, 107 

Palm, course of vascular bundles, *93 

Pal nine, 731 

Pandanaceae, 731 

Pandanus , 731, *734 

Pandorma , 396 

Panicle, 561, *562, *564 

Panicum , 750 

Papaver , *652, 653 ; seed of, *595 

Papaveraceae, 652 

Pupil ionaceae, 669 

Papillae, *52 

Paramylon, 385 

Parasites, 178, 259 

Parastichies, 86, *87 

Paratonic movements, 340 

Parenchyma, 43, 45, 46 

Par ie tales, 655 

Pans , 742, *743 

Pannelia , *474, 477 

Parnassia , 658 

Parsley, Pet rose! i man 

Parsnip, Pastmaea 

Parthenocissus, 688 ; stem-tendrils, *173 

Parthenogenesis, 18 4, 313, 590 

Partial fruits, 594 

Passijfora , ovary, *556 

Past in aca , 693 

Paullinia, 685 

Pa vet t a, 714 

Payena , 697 

Pea, Pisum 

Peach, Primus persica 

Pear, Pyrus communis 

Pectins, 36 

Pediastrum , 397, *398 

Pedicular is t 710 

Peireskia , 630 

Pelargonium , *683 

Pellia, 490 ; fertilisation of, *481 ’ 

Pencillium , 446, *447 

Pennales, 391 

Pentacyclicae, 695 

Pepsin, 255 

Perennial herbs, 167 

Perianth, 553 

Periaxial wood, 173 

Periblem, 82, 126 

Pericarp, 595 


Periclinal cell walls, 45, 292 , 

Pericycle, 129 
Periderm, *152, 153 
Peridineae, 384 
Peridiniaceae, 384 
Peridinium, *384 
Perigone, 554 
Perigynous flower, *557 
Perisperm, 593 
Peristome, 497 
Perithecia, 448, *449 
Periwinkle, Vinca 
Permanent tissues, 45 
Permeability, causes of, 225 
Permeable membrane, *216 
Pcronospora , *437 
Peronosporaceae, 435 
Per sea, *626 
Personatae, 706 
Pet a sites, 728 
Petrosetinum , 693 
Petunia , *708 
Peziza , *451 

Phaeophjceae, 412 ; affinities of, 418 ; 
alternation of generations, 420, *422 ; 
economic uses, 422 
Phaeosporales, 4 1 3 
Phaeothamnion , *387 
Pharbitis , 703 
Phase um , 497 
Phaseolus , 671 
Plielloderm, 15 4 
Phellogen, 153 
Phelloid tissue, 55 
Phleum , 750 
Phloem, 94 

Phloem-parenchyma, 99 

Phobic reactions, 330 

Phoenix , 733 

Phosphorescence, 274 

Phosphoric acid, assimilation of, 250 

Photonasty, 361 

Phototaxis, 330 

Phototropic stimulation, localisation of 
354 

Phototropism, 350 ; traus\erse, 353 
Phragmidium , 465, *468, *469 
Phragmobasidiomycetes, 464 
Phragmoplast, 23 
Phy cocyan, 423 
Phyeoeiythrin, 423 

Phycomyces, 440 ; light-growth reaction, 
*305 

Pliycomycetes, 432 ; phytogeny of, 441 

Phy Hornet us, 630 

Phyllocardium , 385 

Phylloclades, 161 

Phyllodes, 161 

Phyllotaxy, 85 

Phytogeny, 2, 371 

Phy satis , *597 
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Physamjp, *431 
Physosterin, 14 
Physostigma , 671 

Phytelephas , 733 ; endosperm of, *42 
Phyteuma , 720 
Phytophthora, 437 

Picea, *611, 613 ; archegouia, *581 ; em- 
bryogeny, *582 ; fertilisation, *580 ; 
pollen-tube, *577 
Picraendy 685 
Picrorhiza, 710 
Pilea, 637 

PiloboluSy 440 ; phototropism, *352 
Pilocarpusy 684, 685 
Pilostyles, *180 
Pilularidy *532, 533 
Pimpinelldy *690, 693 
Pinaceae, 606 
Pineapple, Ananassa 
Pinguiculdy 176, 710 
Pinks, Dianthus 
Pinnutaridy *71, *390 
PinuSy *612, 613, 614 ; development of the 
embryo, 579 ; embrjo, *583 ; embryo- 
geny, *582 ; germination, *600 ; leaf 
of, *108 ; male flower, *551 ; pollen- 
grain, *551 ; pollen-tube, *577 ; pro- 
embryo, 579 ; stem of, *147 ; wood, 
*144, *145, *146 
Pipery 631, *632, 633 
Piperaceae, 631 
Piperales, 631 
Pistacia , 685 
Pisuviy 670 

Pithecoctenium, winged seed of, *598 
Pits, *34, *40, 41 ; bordered, 62 
Pitted vessels, 62 
Pitting, 40 
Placenta, 547, 555 

Placentation, axile, 556 ; free central, 556 ; 

parietal, 555 
PlagiochUa , *490 
Plagiotropous, 120 
Plankton, 71 
Planktoniella, *391 
Plant geography, 3, 214 
Plantaginaceae, 710 

PlantagOy 710 : protogynous flowers , *570 ; 

spike of, *563 
Plantain, Plantago 
Pla8modesms, 41, *42 
Plasmod iophora, 433 

Plasmodium, 12, 430; of Chondrioderma , 

*13 

Plasmolysis, 219, *220 
Plasmoparay 435, *436 
Platanaceae, 626 
Platanthera, 757 
PlatanuSy 626 
Plectascales, 446 
Pleiochasium, 122, 561 


Plerome, 82, 126 
Pleuridium, 497 
Pleurocladidy *413 
PleurococcuSy 397 
Pleurosigma , 393 
Plum, Prunus domestica 
Plumule, 577 
Pneumathodes, 158 
Pneumatophores, 158, 239 
Poa , 750 

PodocarpuSy 606 ; niycorrhiza, 260 
Podophyllum , *645 
Poduspordy *449 
Podostemaceae, embryo-sac, 586 
Poisons, 289 
Polar nuclei, 585 

Polarity, 68, 72, 293, *294 ; effect of 
light on, 294 
Pollen-chamber, 574 
Pollen-grains, 548 
Pollen-mother-cells, *549 
Pollen-sacs, 548 ; development of, 549 
Pollen-tube, 550 ; contents of, 583 
Pollination, by insects, 564 ; by water, 
564 ; by wind, 562 
Polyangium , *379 
Polyhlepharidales, 385 
PolyblephariSy 385 

Polycarpicae, 623, 643; relative piimitive- 
ness of, 620 
Poly gala, 685, *687 
Polygalaceae, 685 
Polygonaceae, 631 
Polygonales, 631 

Polygonatum , *742 ; rhizome of, *347 
Polygonum , *630, *631 ; embryo-sac, 585; 

ovule, *586 
Polymastiginae, 386 
Polyphagus , 433 

Polypodiaceae, iudusium, 526 ; sporangia 
of, 526 

Poly podium, 526 ; archegonium, *531 

Polyporaceae, 461 

Polyporus , 459, 461 

Polysiphonia , 426 

Polytoma , 395 

Polytomelldy 385 

Polytrichuiriy *494, 497 ; antheridium, 
*481 ; leaves, 497 
Pond -weed, Potamogeton 
Poplar, Populus 
Poppy, Papaver 
PopuluSy *637, 638, 639 
Porogamy, 587 
Porometer, *231 
Potamogetoriy 730, *731 
Potamogetonaceae, 730 
Potato, formation of tubers in, 299 
Potato, Solanum tuberosum 
Potentilla , 661 
Presentation-time, 350 
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Primary rneri stems, 44 

Primary nucleus of embryo-sac, 584 

Primula , *695, 696 ; heterostyly, *571 

Prirnulaceae, 695 

Primulales, 695 

Pro-embryo, 576, 588 

Prophase, 22 

Prosencliyma, 45 

Protandrous plants, 570 

Protandry, 570 

Proteid crystals, 29 

Proteins, hydrolysis of, 254 

Protoascomycetes, 442 

Protococcales, 396 

Protogynous plants, 570 

Protogyny, 571 

Protomonadinae, 386 

Protonema, *479, 480 

Protophloeni, 94 

Protoplasts, 10 ; chemical properties of, 14 ; 
connections of, 41 ; constituent parts 
of, 10 ; inclusions of, 25 ; origin of 
the elements of, 19 ; physical pro 
perties of, 1 2 
Protoxylem, 94 
Primus , *659, *662 
Psalliota , *461 
Psulium , 672 
Psilophytinae, 505 
Psilotinae, 515 
Psilotum , 515 
Psycliotria , 714 

Pleridium , 528; embryo, *503; ihi/ome, 
*504 

Pteridopliyta, 502 ; affinities of, 541 ; 
alternation of generations, 502 ; life- 
history of, 502 ; sporangium, 505 ; 
survey of, 539 
Pteridosperniae, 537, 617 
Pleris , embryo, *503 
Ptyxis, 83 

Puccinia , *466, *467 
Pulvinus, 111, 338, *339, 353 
Punica, 673, *675, *676 
Punicaceae, 673 
Pure lines, 325 
Putrefaction, 272 
Pycnidia, 448 
Pylaiclla y 414 
Pyrenoids, 17 
Pyrenomycetales, 447 
Pyronema, 444, *445, *446, 449 * 

Pyrus , 660; flower in longitudinal section, 
*558 

Pythium , 437 


Quassia , *686 
Quercvs, *641, *643, 644 
Quillaja t *660 
Quince, Cydonia 


Raceme, 560, *562, *563 
Racemose inflorescences, 560, *562 
Radial vascular bundle, *95 
Radicle, 577 
Radish, Raphanus 
Rafflesiaceae, 626 
Ramalina, 47 7 
Iianales, 643 
Ranunculaceae, 646 

Ranunculus , 646, *647, *648 ; flower in 
longitudinal section, *558 
Raoulia, *161, 726 
Raphanus , 655 
Raphe, 392, 592 
Raphides, 29, *30 
Ravenala , 753 
Reaction-time, 349 
Red Algae, Rhodophyceae 
Red Currant, Ribes rub rum 
Reduction division, 189, *191 
Regulation, capacity of, 208 
Rejuvenation, 20 
Relative transpiration, 230 
Reproduction, 308 ; conditions of, 309 ; 
organs of, 182 

Reproductive bodies, types of, 183 
Reserve materials, 251 ; in seed, *594 ; 
mobilisation of, 252 ; regeneration of, 
256 ; transport of, 255 
Reserve starch, 30 
Resins, 28, 256 

Resistance to pulling strains, 129 
Respiratiou, 263, 264, *265 ; chemistry of, 
268 ; intra-molecular. 267 
Rest-Harrow, Ononis 
Restitution, 295 
Rhabdonema , 392 
lthamnaceae, 687 
Rhamnales, 686 
Rhamnus , 687, *689 
Rheotaxis, 333 
Rheotropism, 359 
Rheum , *631 

Rhipidium, 123, *121, *561 
Rhipsalis, 630 
Rhizoids, 77 
Rhizomes, 80, 168 
Rhizophidium , 433 

Rhizophora , 671, *673 ; stilt-roots *159 ; 

vivipary, 601 
Rhizoplioraceae, 671 
Rhizopus , *438, 440 
R/uxlodendron , 697 ; ovary, *556 
Rhodomela , 426 

Rhodoph)ceae, 422; affinities of, 427; 
alternation of generations, *428 ; 
economic uses, 427 
Rhoeadales, 650 
Rhwo, 745 
Rhubarb, Rheum 
Rhus , 685 
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Rhynia , *506 
Ribe$ $ 658, *659 
Riccia , *490 
Ricciaceae, 489 
Rice, Oryza 
Richard ia, 733 
Ridnus , *678 

Rigidity against bending, 89, *90 
Rigor, 366 

Robinia , 670 ; stipules, *165 
Roccdla, *476, 477 
Root-cap, *125 
Root-climbers, 172 
Root-hairs, *127, *222 
Root- pockets, 125 
Root-pressure, *233 
Root-system, 132 
Root-thorns, 162 
Root- tubercles, *260 
Root- tubers, 170 

Roots, 124 ; adventitious, 132 ; apex of, 
*125; branching of, 131, *132; con- 
tractile, 170 ; external features of, 
127 ; growing point, 125 ; growth in 
thickness of, *139 ; mechanical tissue 
of, "'l 30 ; secondary thickening of, 
140 ; structure of, 128 ; transverse 
section of, *129, *130 
Rosa, *659, 660 ; collective fruit of *596 
Rosaceae, 658 
Rosales, 657 

Rose of Jericho, Anastatica, 

Rosmarinus , 705 

Rotation of protoplasm, 13, 329 

Royal Fern, Osmunda r eg id is 

Rubia , 710 

Rubiaceae, 710 

Rubiales, 710 

Rubus , 662 

Rum ex, 631 

Ruppia , 730 

Ruscus , 741 ; phylloclade, *164 

Rush, Juncus 

Russula t *457 

Rust Fungi, Uredinales 

Rust of Wheat, Puccinia gram in is 

Ruta , 683, *685 

Rutaceae, 683 

Rye, Secale 

Sabadilla , 738 

Saccharomyces , *26, 271, *443 
Saccharomycetes, 443 
Saccharum , 750 
Saccoblastia, *465 
Saffron, Crocus sativus 
Sage, Salvia 
Sagittaria , *730 
Salicaceae, 638 
Salicales, 638 
Salicomia, *164, 628 


Salix t *637, 638, 639 
Salvia , 705, *707 ; pollination of, 567, 
*568 

Salvinia , 531, *532, *533 ; prothallium, 
*534 

Salviniaceae, 531 
Sambucus, 715 ; flower, *555 
Sanguisorba , *659, 661 
Santalaceae, 632 
Santalales, 632 
Sant alum , 632 
Sapindaeeae, 685 
Saponaria , 627, *628 
Sapotaceae, 697 

Saprolegnia , 434, *435 ; conditions of re- 
production, 309 ; sporangium, *185 
Saprolegniaceae, 434 
Saprophytes, 257 
Sure hut , *374, 378 
Sargassum , 416 
Sarothamnus, 670 
Sarraceniaceae, 626 
Sassafras , 624, *627 
Saxifraga , 658 
Saxifragaceae, 658 
Scahwsa , 716 
Sealari form vessels, 62 
Scale leaves, 114 
Scundis, 691 
Scenedesmus , 397, *398 
Schistostega , *495, 497 
Sehizaeaceae, 528 
Sehizocarp, 596, *597 
Schizosaccharom t/ces, 443, *444 
Schoenocaulon , 738 
AW7/«, 738 
Scirpus, *747 
Scitamineae, 753 
Selerenehynia, 57, *59 
Sderenchyma fibres, 57, *58, 150 
Selerocaulous plants, 161 
Scleroderma , 462, 463 
Schropodiutn , *496 
Scolopendrium , 526, *528 
Scar zone r a, 725 ; seedling, *001 
Screw-pine, Panda n us 
Scrojihvlaria , 708 
Scrophulariaceae, 708 
Scurvy Grass, Cochlearia 
Secale , 749, 750, *751, *752 
Secondary growth, anomalous, 173 
Secondary meristems, 41 
Secondary nucleus of embryo-sac, 585 
Secondary thickening, 135, 136 
Secretory cells, 65 
Secretory reservoirs, 67 
Secretory tissue, 65 
Sedge, Cares, 

Sedum , *658 
Seed -coat, 592 
Seed-Ferns, Pteridospermae 
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Seed-leaves, 114 

Seeds, 592 ; dispersal by animals, 598 ; 
dispersal by water, 598 ; dispersal by 
wind, 597 ; distribution of, 597 
Segregation, 318 
Seismonasty, 363 

Selaginella , 509, *510 ; cone, *510 ; 

embryo, *512 ; germination of micro- 
spore, *511 ; macrosporangium, 510 ; 
nucrosporangiuni, 510 ; protliallus, 
*512 

Selaginellales, 509 
Selection, 325 
Selective power, 224 
Self-sterility, 569 
Semi- parasites, 262 
Semi-permeable membrane, *216 
Seinpervivum, 658 ; flower -development, 
310 

Xenecio, 721, *721, 728 
Sensitive Plant, Mimosa pndica 
Sequoia, 610 
Serjania , stem of, *174 
Serodiagnostic method, 619 
Sex, determination of, 321 
Sexual generation m the phanerogams, 
development of, 572 

Sexual reproduction, 183 ; significance of, 
312 

Shade leaves, 107, 306 
Sheath, 112 
Shepherd i a, 671 
Shepherd's purse, Capsclla 
Shoot-thorns, 162 

Shoots, 80 ; aerial, 80 ; branching of, 116: 

subterranean, 80 
Shorea, 657 
Short shoots, 74, 75 
Shrubs, 134 

Sic i/os, branch -tendril, *358 
Sieve-plates, 60 

Sieve-tubes, 59, *60, *61, 99, 150 

SigiRaria, *513 

Sigillariaceae, 513 

Silene, *629 

Siler , *690 

Siliceous bodies, 29 

Siliceous earth, 394 

Silicic acid, 37, 48 

Silhpui, 596 

Simarubaeeae, 685 

Sinapis , 655 

Sine-law, 348 

Siphonales, 402 

Siphonocladiales, 401 

Siphonoeladus , 402 

Sisymbrium , *654 

Sinm , 693 

Size, 283 

Sliding growth, 44, 138, *143 
Slime Fungi, Myxomyectes 


Smiilax , 711 

Smut-diseases of cereals, 472 
Smut Fungi, (Jstilaginales 
Snowdrop, Galanthvs 
Solanaceae, 706 

Solarium , 707, *708 ; tubers, *168 
Solidago , 726 

Sonneratia , 672 ; respiratory roots, *158 
Snrbus , *659, 660 ; hybrids, *316 
Soredium, *476 
Sorrel, Rumex acetosa 
Spadici florae, 730 
Spadix, 560 
Sparganiaceae, 731 
Sportinm , 670 
Spath icarpa , 734 
Species, origin of, 327 
Sperm cells, 573 
Sperm atogenous cell, 572 
Spermatophyta, 547 ; classes of, 550 ; 
transition from the Ptendophyta to, 
547 

Spermatozoids, 187 ; chemotaxis of, 332 ; 

mCycadeae, 573, 574 ; in Ginkgo ,* 573 
Spermogomum, *467 
Sphacelaria, *414 
Sphaerites, 27 
Sphaeroplea , 402 
Sphaeroso nut, 453 
Sphoerotheca, 447 
Sphagnales, 495 
Sphagnum , *493, 495 
Kphenophyllales, 520 
Sphejwphylfum , *520 
S/Jienoplerts, *538 
Spigelia , 699 
Spike, 560, *562, *563 
Spinach, Spinacia oleracca 
Spinacia , 628 
Spiraea , *659 
Spnal vessels, *62 
Spirillaeeae, 378 
SpinUum , *374, *375, 378 
Spirochaetales, 380 
Spirochaete , 380 
Spirogyra , *408, *409 
Splint- wood, 149 
Spongy parenchyma, 107 
Sporangial spores, 185 
Sporangium, 185 ; cohesion mechanism of, 
336, *337 

Spore-plants, interrelationships of, *543 ; 

survey of, 542 
Spores, 185 
Sporodinia , *438, 440 
Spring- wood, 145 
Spruce, Pi cm 
Spurge, Euphorbia 
Spurious fruit, 596, *597 
Slachys, 705 
Stamens, 548, 554 
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Staminodes, 554 

Stangeria, 602 ; fertilisation, 579 
Stanhopea , 759 

Stapdia , 701 ; succulent stem, *166 
Starch, 30, 252 ; assimilation, 246 ; 

statolith, 348 

Starch-grains, 30, *31 ; moveable, 126 

Starch sheath, 90, 100 

Statoliths, 348 

Stelar theory, 102 

Stele, 102 

Stdlaria, 627 

Stem, 80 ; internal structure of, 88 

Stem -succulents, 164 

Stem-tubers, 168 

Stemonitis , *429, 431 

Sterculiaceae, 681 

Stereome, 57 

Stereum , 459 

Stigma, 556 

Stigmatomyces , *454 

Stimulus, 207 ; conduction of, 349 ; re- 
action to, 349 ; reception of, 349 
Stimulus movements, 340 
Stinging hairs, 52 
Stink-horn, Ithyphallus 
Stipa, leaf of, *163 
Stipules, *112 
Stock, Matthiola 

Stomata, *49, 228 ; types of, 50, *51 
Stomatal apparatus, 48 
Stoneworts, Cbaraeeae 
Strand-plants, 628 
Stratification, 39 
Stratiotes, 730 
Strawberry, Fragraria 
Strditzia, 753 ; ornithophilous flower of, 
*569 

Streptochaeta , 749 
Streptococcus , *375, 378 
Striation, 35 
Stroma, 448 

Strophanthus, 700, *703 

Struggle for existence, 198 

Struthiopteris , 526 ; spermatozoid of, *530 

Strychnos , 699, *700 

Style, 556 

Suberin, 37 

Suberisation, 37 

Subsidiary cells, 50 

Succisa , 716, *718 

Suction force, 216 

Sugar Beet, Beta vulgaris, var. rapa 
Sugar-cane, Saccharum 
Sugars, 26 

Sulphur bacteria, 270 
“ Sulphur showers,” 563 
Sulphuric acid, assimilation of, 250 
Sundew, Drosera 
Sunflower, ffelianthus 
Sun-leaves, 107 


Surirella, 392, *394 
Suspensor, 576, 588 
Swarm-spores, 186 
Sivertia , 699 

Symmetry, relations of, 68 ; planes of 
69 

Sympetalae, 695 
Symphytum , 704 
Sympotlium, *116 
Synandrae, 717 
Syncarpous gynaeceum, 535 
Synchytrium , 433 
Synergidae, 585 
Syringa, *699 

7'ubernaemontaiia, 700 
Tactic movements, 330 
Tactile papillae, 53 
Tactile pits, *357 

Taeniophyllum , flattened roots, *165 

Tamanydus , *665, *666, *667, 668 

Tanacetum , 727 

Tannin, 27 

Tap-root, 132 

Ta pet urn, 549 

Tnphrina , 453 

Taraxacum , 722, *723, *724 
Taxaceae, 606 
Taxodimn, *609 

Taxus , *605, 606, *607, 014 ; comse ot 
vascular bundles, *92 ; tetrad division, 
*579 

Teak, Tectona 
Teazel, Dipsacus 
Tectona , 705 

Teleutospores, 468, *469 
Temperature, effect on growth, *284 
Tendril climbers, 172 
Tendrils, *172, 356, *358 
Ternstroemiaccae, 656 
Terreya, fertilisation, 581 
Tetracyclicae, 697 
Tetrad-formation, 190 
Teucnum, 705 
Thallophyta, 373 

Thallus, 70 ; internal stiueture of, 75 
Thamnulium , 440 
Thea, *657 
Theca, 504 

Theobroma , *681, *6S2 
Thermonasty, 360 
Thermotaxis, 333 
Thermotropism, 359 
The sin w , 632 
Thigmotropism, 356 
Thorn Apple, Datura 
Thoms, 162 

Thuja , 607 ; germination, *600 
Thyloses, 150 
Thymelaeaceae, 671 
Thymus , 706 
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Tilia> *680, *681 ; bast of, *151 ; stem 
of, *147 ; wood of, *148, *149, *150 
Tiliaceae, 680 
Villandsia, 175, 745 
Villetia , *472 
Tilletiaceae, 472 

Tissue systems, morphological, 43 ; physio- 
logical, 43 

Tissue tensions, 277, *278 
Tissues, formation of, 38 ; kinds of, 43 ; 
origin of, 39 ; permanent, 45 ; venti'a- 
tion of, 42 
Tmesipteris , 515 
Tobacco, Nicotiana 
Tulypellopsis , 412 
Tomato, Solanum Lycopersicum 
l one, alteration of, 353 
Toothwort, Lathraea 
Topic reactions, 330 
Torenia , 709 

Torreya , 606 ; fertilisation of, *578, 579 
Torus, 63 
Tozzia , 710 

Tracheae, 61, 62, *63, 98, 141, *142 
Tracheides, 61, 62, *63, *61, 98, 141, 
*142 

Trculescantia, 745 ; stamina] hair, *13 
Tragopogon, 725 
Transfusion cells, 129 
Translocation, 251 

Transpiration, 226 ; cuticulai, 228 ; 

regulation of, 228 ; stomata!, 228 
Transpiration stream, 234 
Trapa , 671 
Trail matonasty, 363 
Traumatropism, 355 
Tree-ferns, 525 
Trees, 134 ; longevity of, 308 
Tremella, basidium of, *465 
Tremellales, 464 
Trentepohlia , 399 
Tribonema, 388, *389 
V rich ia, *430 
Trichobacteria, 379 
Trichocaulon , 701 
Trichomancs , prothallus, *530 
Tricoccae, 674 
Trifolium , 670 
Trigone/ la, 670 
Triticum , 749,750, *751 
Tropisms, 340 
Tropophytes, 165 
Truffles, Tuberales 
Trypanosoma , 386, *387 
Trypsin, 253 
Tuber, *452, 453 
Tuberales, 453 
Tubers, 169, 185 
Tubiflorae, 702 
Tulip Tree, Liriodendron 
Tulipa , 738 ; bulb, *169 


Turgor, 219 
Turnip, Brassica napus 
Tussilago, *726, 728 

Twining plants, 172, *346 ; movement of, 
345 

Typhaceae, 731 

Ulex, 670 
Ulmaceae, 634 
Ulmus , *634 

Ulothric, *186, 399, *400 
Ulotrichales, 399 
Viva, *72, 399 
Umbel, 561, *562, *564 
Umbelliferae, 691 
Unibellitlorae, 689 
Uncituda, 447, *448 
Uragoga , 715 
U red in ales, 465 

Uredineae, alternation of generations, 470 

Uredospores, 468 

Urginm , 738, *740 

Urocystis , 472 

Uromyces, 469 

Urtica , 638 ; hybrid, *318 ; stinging hairs 
of, 52 

Urticaceae, 637 

Urticales, 634 

Usnm, 475, *477 

Ustilaginaceae, 471 

Ustil agin ales, 470 

Vstdago , *471 , brand-spores, *471 

Vtricularia , *176, 710; bladders, *177 

Vaccinium, *697 
Vacuoles, 11, *12 
Valeriana, 716, *718 
Valerianaeeae, 716 
Vallisneria , 730 ; pollination, 564 
Vanda, 759 
Vanilla , *758, 759 
Variability, 323 
Variation curves, 324, *325 
Variation movements, 338 
Vascular bundles, 64, 90; caulme, 91; 
closed, 97, *98 ; collateral, 95, 96, 
*97; common, 91; complete, 64; 
concentric, *95, *96 ; course of, 91, 
*92; foliar, 91; incomplete, 64 ; open, 
97, *99 ; phylogeny of, 100 ; radial, 
*95 ; structure of, 94 ; types of, *101 
Vascular cryptogams, Pteridophyta 
Vaurheria, 402, 403, *405, *406 
Vegetable ivory, 733 
Vegetative organs, 70 
Vegetative reproduction, 183 
Veins, 108 
Velamen, 174 
Venation, 106 
Ventral suture, 555 
Venus’s Fly-trap, liionaca 
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Veratrum, 738, 742 
Verbascum , 708, *712 
Verbena , *705 
Verbenaceae, 705 
Vernation, 83 
Veronica , 709 
Vesicaria , 655 
Vessels, 61, 62 
rarw, 374, *375, 378 
F&urntm, 715 
Ftcia, *667, 670, 671 
Fictfma, 646 
Vinca, 700, *701 
Vincetoxicinn , 701, *704 
Vine, F&w 
Fio/a, *657 
Violaceae, 656 
Viscaria , *629 
Fisctm, 633 
Vitaceae, 688 
Vital force, 206 
Vitalism, 206 
Vitis, 688, 690* 

Viviparous plants, 601 
Volvocales, 395 
Volvocaceae, 396 
Volvox, 396, *397 

Wallflower, Cheirantkns 
Wall-pressure, 216 
Walnut, Juglans regia 
Wart disease, 433 

Water, absorption of, 215, 222 ; conduc- 
tion of, 234, *235 
Water bloom,” 382 
Water culture, 210, *211 
W ater- Ferns, Hydropterideae 
Water- Hemlock, Cicuta 
Water Lily, Nymphaea 
Water- net, Hydrodictyon 
Water- Nut, Trapa 
Water- Parsnip, Siurn 
Water plants, 156, 224 ; assimilation iu, 245 
Water-stomata, 109, *110, 232 
Water-storage parenchyma, 46 
Water-storage tissue, 108 
Wax, *48 

Welioitschia, *614 ; foliage leaves, 103 ; 
macrospores, 581 


Wheat, Triticum 
Will ough beia , 700 
Willow, Salix 
Willow-herb, Epilobium 
Wilting, coefficient of, 223 
Wind-dispersal of seeds, 597 
Winter-buds, *167 
Wistaria, 670 
Woad, J sat is 

Wood, 140 ; grain of, 148 ; subsequent 
alterations of, 148 
Wood-fibres, 141, *142 
Wood parenchyma, 141, *142, 146 
Woodruff, A spend a 
Woodsia, antheridium, *530 
Wounds, healing of, 155 

Xantliopliyll, 17 
Xerochasy, 335 
Xeromorphy, 159 
Xerophytes, 159 
Xylaria , 448 
Xylem, 98 

Xylem-parenchyma, 98 

Yeast Fungus, Eaccharomyces 
Yew, Tarns 

Yucca , 741 ; panicle of, *564 ; pollination, 
568 

Zamia, 602 ; fertilisation, *576; speima- 
tozoids, *573, *574 
Zanardinia , 414 
Zanichellia , 730 
Zea, 749 

Zingiber, 754, 755, *756 
Zingibeiaceae, 753 
Zoospores, 186 

Zostera , 730 : pollination, 564 
Zygnema , 409 
Zygnemaceae, 409 
Zygogynum, 624 
Zygomorphic, 69 
Zygomorphic flowers, 559, *561 
Zygomycetes, 439 
Zygopliyllaceae, 683 
Zygospore, 186 
Zygote, 186 
Zymase, 271 


THE END 
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